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THB MtercìseB in this munua! follow the order of Gil- 
bert and Brighain's Introduction to Physical Geography, 
hearing, as in the Teaeher's Guide, corresponding scction 
numbers. The iìgures nienti oned belong to the Introduc- 
tion, antera speoified as found in the Manual. A few 
views and diagrams are here introduced as a basis for 
laboratory work. They supplement those of tbe text and 
may Berve t« test the vaino of sudi material for this ose. 

About ose huudred and thirfy oxerei^es are gìven, but 
ìt is not expected that any class will accomplish ali of 
the work proposed. It ia left for toaehers to seleet accord- 
ing to the material and tinie available. Other exercises 
might in many eases bave been prepared, but the ehoìee 
has been given to subjects whose illustratici] hy maps or 
other means would require small expense. After a few 
added years of experiencc in the eehools, we niay hope 
lo approach what might be eallod a standard serica of 
exereiees, tiiough loeality will always he a largo faetor, 
and wi!l detonnine the subjects for work in the field. li 
is obvious also that the direziona given for fichi atudics 
must ho of a general nature. It i* suggusted that the 
index-maps showìng progress of topograpbic work in the 
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several States would be usef ul in enabling the student to 
plot the area of sheets studied, upon the general map of 
the United States. They can be obtained from the United 
States Geological Survey, either separately or included in 
the annual reports. 

The brief treatment of li fé in this manual in no wav 
represents the author's estimate of ite importance. The 
individuai teacher must lead in supplementing the text on 
this theme, since the material is largely in books, and the 
selection depends on the school library. A few exercises 
are given, based on maps which show distribution. 

Albert Perry Brigham. 
Colgate University, September, 1904. 
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CHAPTER I 

THE EARTH 

1. Curvature of the Earth's Surface.* — Magellani 
natìonality, place and date of birth? Any facte about his 
history previous to bis great voyage? Under what king 
was his expedition organized? How inany shipa had he? 
Date of sailing? ->■ Trace the earlicr course of bis voyage. 
What islamiti in the Atlantic ilid he touch? What poìnt on 
the African shorc did he niake? Where Jid he first touch 
the South American coast? Distane© hetween the two 
continente at these two points? What was his uncertainty 
at the month of the La Piata? At what port did he 
winter? What eerious trouble happened bere? When did 
they reach the Strait of Magellani 1 How long werc they 
in passing through it? What did Magellan cali the great 
sea on which he entered? In what direction did they at 
first sail after issuing from the strait? What sufferings 

» Alias. Encjd()]K"clinB, Galline Map of the World. Discovery 
of America, John Fiate, voi. ii, 184-212. 

If Fiate in not Ht hand une the following list uf placet louclied in 
Magellani voyage: Canaries, Sierrn Leone, Peni ani liuto, La Piata, 
Port Si. Julian, Cape Virgins, San l'alilo, Ladrone Islanda, l'hilippine 
Islanda, Borneo, Muliii'cas, Cape of Good EXope. The TCncyolojiedifls, 
Art. Magellan, give the more importuni sventa to wliieli rafftrenM is 
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did they undergo in crossing the Pacific ? How were these 
relieved àt the Ladrones? What befell the commander 
and some of his captains upon one of the Philippine 
Islands? How near had Magellan approached this point 
in a former voyage from the west? How many ships 
reached the Cape of Good Hope? How many survivors 
reached Spain ? >How long a time did the circumnaviga- 
tion of the globe occupy? How long would it require 
to-day? If an outline map of the world is at band, plot 
the course of Magellani entire voyage upon it. 

Ha ve you observed an eclipse of the moon ? What was 
the shape of the shadow cast by the earth on the moon's 
face? Could it have been made by other than a round 
body? Answer this question by considering the shadows 
made on the wall by various bodies put between the wall 
and a lamp. Try a brick, a cobblestone, an egg, a dinner- 
plate, a tin pail, a ball. How many of these would cast a 
circular shadow in some positi on ? How many in ali posi- 
tions? Would the observation of one eclipse prove the 
spherical forni of the earth? Would the observation of 
many such eclipses make the conclusions quite certain? 
How far did Magellani voyage go toward proving the 
earth a globe? 

In Fig. 1 of the text-book how do the ships on the 
horizon differ from those near at band? Would this be 
true anywhere on the sea, of ships seen at different dis- 
tances ? Would the same be true on large lakes ? Suppose 
you stood on the deck of a ship in mid-ocean, on a clear 
day when the water was smooth, would the horizon seem 
equi-distant in ali directions? Would this help us judge 
as to the f orm of the sea surf ace ? How would the horizon 
appear if the earth had the shape of a cylinder? 

If one stood at the Equator he would see the Pole Star 
on the northern horizon. If he stood at the North Pole 
he would see it in the zenith. Suppose the observer, going 
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at a uniform rate firmi the Equator to the Polo, should see 
the height of the l'ole Star increase at a praetically uni- 
form rate àlso. Could he draw a conclusion as to the form 
of the earth? Consider an egg-sbaped earth in the sanie 
way. Would the angular height of the Pole Star increase 
uniformly to one traveling from the Equator to the Pole? 
Where would the star increase in altitude very slowly? 
Where quite rapidly ? 

If you had never heforc learned that the earth was 
round, do you .thìnk any one of the above arguments would 
convince you? What seems to you the strongest proof? 
How would the force of ali these consìderations taken 
together affect yon as compared wirh any one taken singly ? 

2. Study of Latitude and Longitude by the Globe or 
Map. — What citìes of over 1011,000 inhabitants are found 
in the United States within 2° of 40° north latitude? Are 
any importane eitiea of Europe near 40°? What countries 
are croesed by this line? What important cities of Europe 
He within 2° of 50° north latitude? Has North America 
any important center of population as far north as 50° 
north latitude? What citiee has Europe near the sixtieth 
parallel? What is the latitude of Cape Farewell? How 
does Asia compare with Europe and North America as 
regards the grouping of great cities in a single belt of lati- 
tude? Has the world any great cities within 10° of the 
Equator? What city of South America is at an equal dis- 
tanee from the Equator with Winnipeg? How do Mel- 
bourne and Louisvillc compare in latitude? What is the 
differenco of longihide lietween the two cities? Find on a 
globe the point antipodal to yourself. How is the point 
antipodal to New York locatal with referente lo Mel- 
bourne and Cape Town? Rccjilling the experience of Ma- 
gellan in the strait hearing his name, compare its latitude 
with that of Edinburgh. How strongly does latitude de- 
termine climate? (It is not expeeted that the. stndent at 
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this point will givo more than a partial answer to this 
question.) Compare the longitude of Sitka and of Behring 
Strait with that of the Isthmus of Panama. 

2a* Variation in the Length of a Degree of Latitude 
or Longitude. — If the globe were a perfect sphere, a degree 
of latitude would be the same near either pole as near the 
Equator. But, owing to the polar flattening, a degree is 
the are of a larger circle in the far north and south, and 
hence is a little longer. In section 2 the length of a degree 
of latitude is given as about 69 miles. The real variation 
is less than a mile, or from about 68.7 miles at the Equa- 
tor to 69.4 miles at the poles. 

The student will now consider the degree of longitude. 
Suppose two meridians a degree apart. They cut the 
Equator 69.172 miles apart; but they come together at the 
poles. The angle between them is everywhere the same, 1°, 
but the included are is 1-360 of a smaller and smaller 
circle as we approach either pole. Below is given the length 
of a degree of longitude for each successive tenth degree 
of latitude: 



LATITUDE. 


DEGREE 
OP LONGITUDE. 


LATITUDE. 


DEGREE 
OP LONGITUDE. 


0° 
10° 
20° 
30° 
40° 


69.172 miles 
68.129 " 
65.026 " 
59.956 " 
53.063 " 


50° 
60° 
70°. 
80° 
90° 


44 . 552 miles 
34.674 " 
23.729 " 
12.051 " 
00.000 " 



Using the above data, answer the following questiona: 

How far is Denver, Col., from Philadelphia ? How 

far is it from St. Augustine, Fla., to New Orleans ? What 



* The lettera a, i, etc, do not refer to corresponding subdivisions 
in the Introduetion, but designate alternative or supplementary exer- 
cises given in connection with many sections of the text-book. 
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is the distane* from Christiania to St. Petersburg? How 
much difierence in the longitude of the two capitala? Dis- 
tance from Prag tu Land's End? Difference in longitude? 
Distance from Phihulelphia to the point where the Ne- 
braska-Kansas boundary touehes the Missouri River? Dif- 
ference in longitude? What ia the difference hetween 
Madrid and Constantinople ? (Tliey may he considered aa 




Fin. I. — I liiigruiu in show ili:i( luiitii'lc — ungula* disfanne of Pole 
star above uorìzon : it also ii|in-^cul- ti»- re latini] uf the earth to the 
arni at rither equino». 

of latitude 40° north.) How far apart do their meridiana 
eut the Equator? 

te. Determination of Latitude. — Chapter II of the test 
should he studied hefore this exercise is taken, unless the 
student is famihar with the prineiples tbere given. In 
Fig. 1 of this manual 
EF represents the Equator; 
P represents the North Pole of the Heavons; 
B represents the point whose hitilude is to he fouud; 
IH represents the Horison of the observer at that point; 
<( repnaents the Zenitli. 

The are IÌF or the angle BCF «presenta the latitude. 
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By geometry, angle BCF = angle CKB = angle IKP. 
Now this last angle IKP is the angular distance of the 
Pole of the Ileavens above the observer's horizon. Let the 
student construct other figures like this, letting point B 
be anywhere between F and NP, and thus see that this 
conclusion always holds trae — viz., that the latitude of any 
place = the angular distance between the horizon and the 
North Pole of the Heavens. The student is now prepared 
to understand the prìncipi e on which the mariner and 

explorer may determine 



B' 



/a 



/ 



/ 



/A' 



C B 

Fio. 2. — Piagram to illustrato a 
mcthod of finding latitude. 



latitude. On the sea, 
since its surface gives a 
perfeet horizon, the task 
would be easv if the 
North Star were alwavs 
in sight. But the sailor 
is not shut up to this. 
He knows by the tables 
of the nautical almanac 
how far the sun and 
many stars are from the 
North Pole of the Heav- 



ens, and he then ooniputes the angle IKP, and this, as we 
bave seen, equals the latitude. 

A rough measurement of the latitude may be made in 
the schoolroom, if it has a south window, at the time of 
either equinox (March 21st or September 23d). The sim 
at noon is then 90° from the Pole of the Heavens, and the 
angle between the sun's direction and the vertical line 
equals the latitude. This also will appear in Fig. 1 if 
we now regard it as representing the earth at an equinox. 
The sun's rays will reach B from S, and the angle between 
the sun and the zenith, SBG, equals, by geometry, angle 
FCB, which is the latitude. 

Hang a plumb-line dose to the window ; mark the point 
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directly below it on the flooi (B), Fig. 3 of this manual ; 
cali that the base-point ; attach a button £ indi wide 
at A, 100 (measured) inches above the floor (if the wìn- 
dow is too low, substitute 50 inches, and make allowanco 
in the computation). Draw a line on the floor northward 
frora the base-point. If the direction of truc north is not 
known, fìnd ìt by means of a compass and the declination, 
as shown by Fig. 18!>, or else fìnd it (on a previous day) 
hy the principle that the shadow of the button is nearest 
the base-point wheii directly north from it. On the day 
of the equinox, when the shadow is on the north line, mark 
its position (C) and measure in inches the distane* to the 
base-point. 

We have now a right-anglcd triangle, ABC, in which 
we know the sidos AB and BC. By t rigo nome try, there- 
fore, we can fìnd the size of the angle BAC. Tbis angle is 
equal to angle B'AA'. which as We have seen above = lati- 
tude. The trigonometrical formula is, tangent of latitn.de 
CB 

tmt as the trigono 

veni eri t, we gìve a table sbowing the values of OB corre- 
sponding to each fifth degree of latitude. Thus if CB is 
more than 70 inches, hut less tban S3.9 inches, the latitude 
is between 35° and 40°. 



L ™, E . 


CB. 


«*™ 


CB. 


0° 




SO 


119.2 inches 


.5° 


8.7 " 


68° 


142.8 " 


10° 


17.0 " 


60° 


173.2 " 


15° 


26.8 " 


65° 


214.5 " 


20° 




70° 


274.7 " 


25° 


46.6 " 


75° 


373.2 " 


BO- 


57.7 " 


80° 


567 . 1 " 


SS 


70.0 " 


85° 


1,143.0 " 


40° 


83.9 " 


90° 


Infinite 


45° 


100.0 " 
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13. Contoured Maps. — Mount Shasta Sheet, Califor- 
nia ; or Topographieal Atlas of the United States, Folio I. 
Whv is this called the Mount Shasta sheet? Observe that 
the land area which such a map represents is commonly 
called a quadrangle. Be careful therefore to use quad- 
rangle for the land and sheet for the map. Observe the 
fìgures at each corner. Which show latitude? Which 
longitude? By means of them locate the position of this 
quadrangle on a map of the United States or of the Pacific 
coast. To what range of mountains or series of peaks 
does Mount Shasta belong ? See ref erence in folio. What 
is the scale of this map? See the margin at the bottom. 
What distance stands for 1 "nule? How long is the map, 
compared with the length of the quadrangle? See frac- 
tion under head of scale at the bottom. Does this map 
show much or little country, as compared with most maps 
that you bave seen? Is it a large- or small-scale map? 
Compare scales in other maps, as in a school geography. Is 
there advantage in a large-scale map ? How many square 
miles are included in this quadrangle? 

What does this map show? To find this out we must 
learn to " read " the map. Observe the word " Legend " 
on the left margin. This explains the signs that are used. 
Could different signs bave been chosen ? Observe that the 
signs are given in three groups — under Relief, Drainage, 
and Culture. Let us take the culture signs. How many 
are there ? What do they show ? Would any of these f ea- 
tures have been in the quadrangle if man had not been 
there? In what color are these features shown? Is any- 
thing else on the map printed in the same color? If so, 
what? Are there any towns on the quadrangle? What 
sign is used for highways ? Are these confined to any part 
of the district? There is but one railway bere. Has it 
an unusual course? Ts there any other kind of way for 
the passage of man or beast? What other culture foature 
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is indìcated ? Where is it on the map ? Why at this point ? 
Note that aurveyora in a new country aeleet high pointa 
first for the use of their instrumenta. Do many people 
live in this quadrangle? IIow do you know? Make an 
estimate of the number frora the number of the houses. 

We wiil observe next the drainage. In what color are 
the signs printed ? How many signs are there ? Are any 
largo streama bere? Measnre the length (on this map) 
of the ìongest stream you can find. On what pian are the 
streams arranged? Compare the northwest and southeast 
aidea of the mountain and write down your observation. 
Can you teli whether any of the streams rise dose to the 
top of the mountain ? What do the dotted blue linea show ? 
What are sueh streams called in the legend? Have you 
eeen stream-beds that only carried water in eertain seasons 
or after storms? NotJee the sigli for "sink." This is a 
place where a aurface stream disappeara and goea down 
info the earth or roda below. Locate sudi a sink on the 
map. Are anv large lakea bore? Are there ponds? Are 
they of different kinda ? Locate one or more of eaeh. Is 
there any other drainage feature? What is its name? 
How many of this class are named ? Where are they on 
the alopes of the mountain? A glacier is a mass of ice 
made of pack ed snowa and creeping slowly forward. Sueh 
ice even on a high mountain slowiy melts. What bccomeB 
of the water? Do you see any correspondence between the 
pian of the streams and the position of the glaciers on 
Mount Sbasta? 

The Belief. — Ry this we mean that some parts are 
higher than others. Pointa of different height are con- 
nected by slopcs, steop or gonfio, or soinclinica by vertical 
clifTs. lìelief is shown in tlioso maps by signa known a? 
contours. Observe the hrown linea on the map of Mount 
Shasta. In a general way they run armimi the point 
whioh marta the summit. Are any of the brown lines 
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heavier than the others? How often do the heavy lines 
replace the light ones ? Do you see any breaks in the heavy 
contours? What is in these gaps? Find the heavy con- 
tour which shows the number 7,000. Begin at any point 
and trace this line around the mountain until you come 
back to the point of beginning. The line represents a level 
tracing around the mountain, which is everywhere 7,000 
feet above the level of the sea. We cali it the 7,000-foot 
contour. Suppose a real road were built around the 
mountain at this level, and you had a bird's-eye view of it 
from above the summit. This is the appearance given by 
the contour on the map. 

What is the contour interval ? See margin at bottom. 
Moving in toward the center (summit of the mountain), 
what altitude does the next heavy line represent, counting 
each interval as 100 feet? Is this line numbered? What 
altitude does the next heavy contour represent ? Is it num- 
bered ? Is there a need of numbering ali the lines ? What 
is the advantage of making every fifth contour heavy? 
Moving from the 7,000-foot contour outward, or down the 
mountain, what altitude for the next heavy contour, and 
the next? What is the lowest point that you can deter- 
mine on the map ? What is the highest ? What is the dif- 
ference between the two ? This is the total " relief " of 
this quadrangle. 

Go back to the 7,000-foot contour. It is curving, 
almost everywhere. Would this be true if you were walk- 
ing around a bill? If it were a smooth bill standing by 
itself, the line would everywhere curve outward. If there 
were small, shallow valleys running down the bill, would 
the level line bend inward? If there were a ravine run- 
ning down the slope, what kind of a turn would a level 
line make that should run back into it? Do you notice 
any sharp turns inward in tracing this contour? Do the 
lines above it turn in the same way ? The lines below it ? 
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Observe the contornila aloug Mud Creek. How do they 
cross the line of the stream helow 4,000 feet? Do they 
hegin to turn acrnss it in a different way above 4,500 feet? 
Is the augia sharp or blunt? How is ìt above <i,000 feet? 
How is it above 0,500 feet? How do the eontours turn 
just below the Konwakiton (I laciir? Do these differcnces 
teaeh us anything about the character of the valley at the 
different points as it descendsi the slope of the mountain? 
Taking the eontours on this tnap as a whole, whal do the 
outward eurves represent? What do the inward curves 
and turns represent? Observe that abavo Horse Camp 
there are sharp turns pointing outward on either side the 
Sisson trail. This means that sharp ridges or spurs stand 
out from the summit at this point. Thus a contour runa 
in or out, by a curve or ari angle, according to the form of 
the mountain. 

Notice the mimber 14,380 at the summit. This matta 
ite aìtitude. Observe Shaetìita to the wpstwii.nl, arni 
12,433 marking its altitude. Follow the trai! from the 
triangulation station westward until you come to the 
13,000-foot line. Go a little farther west until you come 
to another 12,000-foot line. Stili follow the trail west- 
ward, and it brings you up near the summit of Shastina 
to a small cTater lake. The space between the two sum- 
mits may be called a "saddlo." Would the lowest point 
in the saddle be much below 13,000 feet? Study Oray 
Butte. What is its altitude? Itow inueli would you have 
to go down in order to ascend to the summit of Mount 
.Sliastìi from the top of Oray Butte? Study the einder 
coneg nud Bear Botte in the sanie way. What does the 
smoothness of the lines repressiti ng tlieae eones show about 
their form? 

On what part of the map are the eontours close to- 
gether? What does Ibis liliali? Wliere are they farther 
apart? What dnes this incan ? What river crosaes the 



12 MANUAL OF PHYSICAL GEOGRAPHY 

quadrangle on the southeast? Which way is it flowing? 
What is the altitude of the Southern Pacific Railway where 
it enters the quadrangle on the south ? What is its altitude 
at the bend a little to the north ? How far apart are these 
two points ? How far is the line carried to make this dis- 
tance? 

Notice in the legend the symbol used to represent cliffs. 
These short parallel lines are often used to represent 
mountains and slopes. Why are contour lines more use- 
ful? These short lines are called hachures, and are used 
bere with the contours, because the cliffs are so steep and 
so high that many contours would be needed at the same 
point. Thus ali would run in together and be conf used. 
Where are such cliffs f ound on Mount Sbasta ? 

To draw a profile of the mountain across the summit. 
Take a strip of white paper at least 17 inches long and 4 
inches wide. Place it so that the edge stretches from the 
northwest corner of the map through the point 20' on the 
cast side. It will also pass across the triangulation station 
at the summit. Mark the edge of the paper at every point 
where it is intersected by a contour line of even thousands 
of feet. What is the lowest such line on the northwest? 
On the southeast ? Also mark the edge where it passes off 
the edge of the map (at the corner and at 20'). Let 1 
inch to the mile be the vertical as well as the horizontal 
scale; £ of an inch will then stand for about 1,000 feet. 
Where the 4,000-foot line touches the edge of the paper, 
raise a vertical line $• of an inch in height. At the cross- 
ing of the 5,000-foot line make the vertical 1 inch, and so 
on. At the summit the mountain lacks about 1,000 feet 
of being 3 miles above the sea. Make the vertical nearly 3 
inches. Go down the southeast side in the same way. 
Raise verticals at the edge, a little less than $ of an inch 
at the northwest, and a little less than 1 inch at the south- 
east. Connect summit» of ali the verticals with a gently 
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curved line. This wìll he a profilo of the mountain in this 
direction, Would any other direction give a similar re- 
sult? What level is represented by the bottoni or lower 
edge of the papor? Comparo this profile with that acuii 
in the view of Mount Shasta (Fig. 144). 

Moun t Shasta is called a "young voleanic mountain." 
it has been huilt up gradua Uy of molten and erushed rodi 
issuing from the erater or cratere of a voltano. This work 
has eeased, but the streams of water have not cut many 
gorges down the side of the mountain, tbough a few are 
deep. How deep is the gorgu of Mud Creek where the 
(1,000-foot line erosses the stream? Some flows of lava 
stili show where they carne to rest. They have not been 
mueh worn or waated since. These faets teach us tbat the 
glacicrs and frosts and streams have not been at work cut- 
ting the face of the mountain for more than a short peri od. 
It may therefore he called young. See exercise 185. 

l:hi. Fargo Sheet, Minnesota, North Dakota.— Why is 
this called the Fargo sheet? Where is this area located— 
latitude, longitude, State? Note the fignres at cacti cor- 
ner, and by means of them mark the location of this ra- 
gion on an outline map of the l'nited States, or of the 
States in whìch it lielongs. What is the scale of the map? 
See margin boìow. What distance on the map represents a 
in ile in the region? How many feet in a mile? In a kilo- 
meter? Why two scalea? What proportion does the 
height or width of the map betti to the extent of the miad- 
ranglu from north to south, or from east to west? See 
fraetion helow map. Is this, for a map, a largo or small 
scale? Compare any map in your school atlas. Is there 
any advantage in a large-seale map? How many sonare 
miles are included in this area? 

What the map shows. Wo wìll notìce first the "cul- 
ture" features. The introducimi! has told in a general 
way what these are — the more especial work of man. How 
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many towns of some size, and where ? What signs are used 
f or roads ? What are the common directions of the roads ? 
How far apart as a mie? What symbol for dwellings? 
Why no such symbols in Fargo? Draw in your notes a 
sample of the county boundary-line (see legend at right 
side of map). How many counties are shown in part on 
the map? How many States? See legend for State 
boundary. As here it follows the crooked course of the 
Red River, the line appears blurred and indistinct. Draw, 
in your notes, a sample of the township boundary. If a 
road follows a town line or county line, how is it shown? 
What are the " section " lines, and what do they mean ? 
Why is the name " Casselton " printed on the west border 
of the map? See last items of legend. No such name 
appears north, cast, or south, because the adjoining maps 
on those sides were not yet completed. Symbol for rail- 
ways, and names of railways in this area ? What features 
of the map are printed in black ? 

We will examine the drainage. Are there many 
streams or few? In what general direction do they flow? 
How can you teli? What is the chief stream? Its prin- 
cipal branches ? Do they ali join the chief river within the 
area here shown ? What is meant by the dotted blue lines ? 
See legend under drainage. How does the symbol of the 
large streams differ from that of the small ones? Are 
there any lakes? If so, how large are they? Are there 
any depressions or basins that are without water? See 
legend and then search the map. 

Study of the relief of the Fargo Quadrangle. See the 
explanation of contours given in section 13 of this 
manual and the account of the Topographic Map in 
Folio 1. What is the contour interval upon this map? 
What does this mean ? In what color are the contour lines 
printed ? What advantage in a color different from those 
of the drainage and culture features? Note the words at 
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the bottoni of the map delìnìng ti 10 " Datimi." We mean 
by this the level or piane whieh is given, or from which 
we begin ami work up. What (io we mean by the 900-foot 
contour? Find it at any point 011 the map. Trace it 
throughout its course. and deseri be it in your notes, witli 
refereuee to streams, towns, or other features. Why does 
it run out to the westward in a double-headcd Bpnr about 3 
miles south of Fargo? Notice any other points where it 
bends in like inaiiner. From the direction of the streams 
where would you look for eontours below 900? Where is 
the 880-foot contour? Where the 860-foot contour? Why 
so clone together? Is there any lower contour on the map? 
Why does the 900-foot eontour swing off to the west and 
cast northward from Fargo. How far north of Fargo is 
the surface of the Red Rivcr exaetly 860 feet above sea 
level? Where is probalily the lowest point in the quad- 
rangle? Can we teli how inuch below 8fi0 feet it Hes? 
le it as Iow as 840 fet't? The 900-fogt line is stili dose to 
the Red River at the south end of the map. How mudi 
does the river deseend in thìs quadrangle? Is thia aection 
of the river much longer than the quadrangle? How do 
you know this? If the river is twicc as long in its aetual 
course as the quadrangle, what is its fall per mile? What 
are these curves in a river called? Would tbey be found 
along a stream that descends rapidly? Are there any 
points along the Red River where "cut-offs" seem likely 
to take place— that is, where the parts of a river on two 
side» of a bend come so olone together that the stream may 
cut through or cut olf the land within the bend? IIow 
ninch is the river sunl; below the general surface — toward 
the north — toward the sonth — and for a few miles nortli of 
Hiekson? Is this chnnnel wide or narrow? 

We bave seen that the streams flow sluggishlv to the 
northward. How far apart are the eontour lìnes back from 
the streams? Can you find placca where areas more than 
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3 inches wide are not crossed by contours? How many 
miles could you travel east or west without rising or going 
down more than 20 feet? How many miles northward or 
southward? Does the 1,000-foot line appear on the map, 
and if so, where? What is the highest line, and where? 
Is there any hilly region in the quadrangle, and if so, 
where? Could you teli by the eye, if traveling here, that 
most of this quadrangle was not absolutely level? Are 
there any roads on diagonal lines in this area? Would 
much attention need to be paid to grades in laying out a 
railway line here ? 

Would some other location have been as good for 
Fargo and Moorhead? If so, where? Are the country 
homes scattered evenly or unevenly over the area ? Would 
this be likely to be so in a region of hills and valleys? 
Could water-power be used here? Would the conditions 
be favorable for mills of any kind? The references will 
show that this is a region of very rich soil. We have 
seen that it is fiat and easily cultivated. What is the lead- 
ing industry sure to be ? The surrounding lands, especially 
far up and down the Red River, are like these. The rail- 
ways and highways can be laid out anywhere at conven- 
ience. Town sites are likely to be determined by conven-" 
ient points on a railway. Here such a point is by a river, 
and the occasion is partly naturai and partly due to man. 

We have seen that the area is fiat and the streams 
are few and sluggish and the soil is mellow and deep. If 
there were steep slopes, or thin soil, would there be more 
streams, or larger streams, and would they cut deeper val- 
leys? If these streams can work long enough, will they 
dig out deeper and wider valleys ? If streams can do much 
work, and have done but little, they must be young streams, 
which have not been flowing for a long period where they 
now are. This we know to be true in the Fargo region, and 
we cali it young or immature. 
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Can vou finii auy features on this map to whìch your 
uttention has not been called? If so, note them. 

Comparison of Monnt Sbasta and Fargo Sheets. Mark 
the location of thè two sheets on an outline map of the 
United States. How does the scale of the Fargo Sheet 
compare with that of the Mount Sbasta Sheet? With this 
differenee in scale, how mneh more land in one quadraiigle 
than in the other ? How many signs aTC used for " Cul- 
ture " or human fentures in onc? IIow many in the other? 
Is the sanie color used in both. cases? Why? Are there 
any culture signs on the Shasta Sheet that are not on the 
Fargo Sheet ? Why ? Can you compare the population of 
the two quadrangles? 

What drainage features of Shasta are not found in the 
Fargo ragion ? How do the streams of the two quadrangles 
differ from each other, in direction, and in direetness of 
flow? What is the differenee in contour interrale of the 
two mnpfi? Wliy is the largcr interval suitahle for Shasta? 
Why is the smaller interval suitahle for the Fargo map? 
Would 100-foot contours teli you much about the surfacc 
around Fargo? 
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THE EARTH AND THE SUN 



18. The Earth's Orbit.— It will be best to begin by 
drawing an ellipse whose major axis much exceeds its 
minor, and come gradually to one representing the form of 
the earth's path. 

Draw an ellipse 8 inches long and 5 inches wide. To 





Fig. 3. — Diagrams to illustrate the drawing of an ellipse. 



do this, lay off two lines, AB and CD, Fig. 3 of this man- 
ual, representing the length and width, so that they cross 
at right angles and at the middle of each. With C as a 
center and with a radius of 4 inches (half of AB) draw an 
are intersecting AB in E and F. These points are to be 
the foci of the ellipse. Set a pin at each. Make a loop of 
string just long enough so that when passed about the two 
pins it can be drawn out to C or A. Place a pencil inside, 
and pressing outward to keep the string taut, draw with it 
a curve. The curve is the desired ellipse. Draw ellipses of 
other forms. 
18 
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Draw an ellipse of the t'orni of the earth 's orbit. For 
this the lcngth of the striiig should be sixty-one times as 
great as the distance betwcen the foci. Draw a circle about 
one of the foci, and observe how little the two eurvea 
differ. 

21. The Seasons. — On a broad table (or on a broad 
sheet of papcr lying on a table) repreaeut the earth's 
orbit by a circle with a radine of 3 feet. A marble i of 
an ìneh in diameter may he plaeed at the center to rep- 
resent the sun on the sanie scale. An ordinary graìn of 
table salt is too large to represent the earth. 

Make 12 equi-distant pointa on the circle to repre- 
sent portions of the 
earth in different 
months, and label 
them as in Fig. 16. 
Now place a lamp in 
Hip center to ropresent 
the sun as a source of 
light, and represent 
the earth by a small globe with a stand (Fig. 4). Have the 
ilamc at the height of the middle of the globe. First place 
the globe at the winter snlstiee (Decembcr 22d) and incline 
its upper (north') pole away from the sun, with the axis 
at the angle of 23£° Note the part of the room towanl 
which the axis inclines. Keeping the axis always parsile! 
to ite originai position, move the glnlie to different parta 
of the orbit in suecession, and atndy the distrihution of 
light on the globe. Timi the globe on ita axis and ob- 
serve the phennmena of long and short days in different 
latitudes. Follow ali the explanatinns of the sectìon. 

Zia. Observation of the Sun'a Position. — it wMl he well 
if this exercise ean he carnei! on once a week from De- 
eember %'ìd to June 21st. The observations will need to 
he made largely at home, and will requiro some perse- 




20 



MANUAL OF PHYSICAL GEOGRAPHY 



verance on the part of the student. Mark the time of 
sunrise and record it in tabular form as below. With a 



THE SUN. 



Date. 


RIBES. 


Noon. 
Altitude- 


1 

8ET8 


Hour. 


Position 


Hour. 


Position. 












• 



compass determine the position on the eastern horizon at 
which the sun appears and record. If a morning is cloudy, 
take the next morning, noting in the record the change 
from regular date. If there is a succession of cloudy 
days, omit the week's observations. Make similar record s 
of time and position of setting. 

In the school building, if possible, or at home, select 
a window facing exactly south.* On the side of this win- 
dow fasten a quadrant, as in Fig. 5 of this manual, with 
mn horizon tal. Let there be a projecting nail or peg at 
m. Let x represent the rays of the sun entering the side 
of the window at ni at exact noon. Note the point (bere 
40°) on which the shadow of the nail falls. The angle b by 

* In this exercise determine the true rather than the magnetic soutli 
(see Exercise 237), and take account of the difference between standard 
and locai time 
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geometry — angle a, wliich is the noon ìieight of the aun 
for this date. Record tliis each week. 

How mach change in the sunrise have we in one 
month? In six ruonths? Difference in length of day 
between December and June solstices? Total change in 
noon altìtude of the sun? Total change of direction of 
rising or setting? 

24. Time.— One hour of difference in locai time cor- 
[ to 15° difference in longitude; what time dif- 




-Method of finilìii. 



ference corresponds to 1°: to l'j to 1"; to 50°; to 130°? 
Oh an ontline rnap of the Uniteti State* plot the standard 
time belts (seti aection 24 for data). The beltà should 
he shown by use of colored erayons. What is the differ- 
ence in locai time between poinia differmg in longitude 
by 22° 11)' 15"? What u the difference in locai time 
between Portland, Me., and Portland, Ore? What is 
the difference in standard time? Wltat is the diHVrcnce 
in longitude of the placca diifering 17' 4:!" in locai time? 
The longitude of Washington is ?: D 111)' 33.5" W.; is the 
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locai time faster or slower than standard time (Eastern 
districi;), and how much? How much does locai time 
differ from standard time at Indianapolis? At Chicago? 
At Denver? In San Francisco locai time is ten minutes 
slower than standard time (Pacific) ; what is the longi- 
tude of San Francisco? 

What is the difference in time between New York and 
Berlin ? If a cable message is sent at 3 p. m. without 
delay from the former to the latter, at what time is it re- 
ceived ? If sent from Berlin to New York at 3 p. m., at 
what hour is it received? If a traveler left Liverpool at 
three o'clock March 3d, and arrived in New York at three 
o'clock March lOth, what is the actual length of time con- 
sumed in his voyage? What experience would he have 
with his watch during the voyage? If he went around 
the earth eastward during exactly 100 complete rotations 
of the earth, how many days' doings would be recorded in 
his diary? Suppose he went around in like manner to 
the westward? The meridian 180° from Greenwich is 
agreed upon as the international date line, at which each 
day in the calendar is considered to begin and end. W'hen 
vessels cross this line, the sailor drops a day if going east- 
ward, and adds a day when moving westward across the 
line, to keep his reckoning right. Any other meridian 
might have been chosen, as with the prime meridian at 
Greenwich, uniformity being the chief matter of impor- 
tance. It is, however, less inconvenient to employ a line 
which mainly lies across uninhabited seas. 
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27. Field Study of a Gorge. — TTnw <!eep ia it? Deter- 
mina first by estimate. Compare witli the height of a tree 
growìng at the bottoni or on the slope at either side. Or 
compare witli the height of a home or chureh tower. The 
height of a man ia a good unit of measurement.if the gorge 
ìs not too deep. The depth may also he found by the use 
of a hand level. The inethod is given in the Teacber's 
Guide, page 27. 

Sides of the gorge. Do they show vertical walls, or 
slopes, or both? if both, how are the two related to eaeii 
otlier? What ìs the angle of slope? Oet yonr result first 
by estimate. Then use the clinometer. Method is given 
in Teaeher's Guide, page 'ili. Compare the walls in slope 
and general appearanee with the following shown in the 
text-book— front ispiece, Figs. 17, 18, 45, 51, 52, and 64. 
What causea the aìternation of slope and eliti 1 in Vìg, U ? 
See pages 89 and 91 of text-book. 

What is the material in the walls? If loose, ia ìt fine 
or eoarse? If stony, are the stones angular or ronnded? 
Have any of the stones come down from roeky ditte or 
ledges above? Do the eliffa overhang at any point? Can 
you see any blocks tliat are nearly ready to fall? What 
forces will push them off their perch'i Will sueh ehanges 
go ou more actively at certaizi seSHona? If this continues 
for a long time, will there he any ehange in the forni of llie 
gorge? If the walls are of rock, what is its color and 
general appearanee? Is the rock in layers? Are they 
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thick or thin, solid or crumbling? Compare Figs. 17 and 
52. If a talus or waste slope lies below a wall of rock, 
what is the relative height of the two? Do the tops of 
the gorge walls meet the adjoining surfaces of the fields 
by an angle, or pass into them by a curve? 

The bottom of the gorge and the streani. Is the bot- 
toni wide or narrow? If the gorge is cut into solid rock, 
does the stream flow on a rock floor, or is this floor cov- 
ered with waste? If we think of the stream as a carrier, 
is it keeping up with its work or not? Suppose the 
stream to be flowing on a rock floor. Can you show that 
the gorge is becoming deeper? In what ways is the rock 
being worn or cut away? Effect of stream, joints, frosts, 
roots, ice? If there are potholes, describe them. Is the 
waste in the stream bed round or angular? If the former, 
have the fragments been worn by rolling in the stream or 
were they rounded before they were seized by the stream? 

As you go up the stream, is the ascent uniform, or by 
a series of rapids and reaches? Are there waterfalls? 
(These will be the subject of a separate exercisc.) Make 
a longitudinal profile of the bed of the stream. Make a 
cross profile, using the elements of depth, slope, and width 
already determined. Is the valley V-shaped, or U-shaped, 
or would neither of these letters suggest its form? 

27a. Map Study of a Gorge. — Kaibab Sheet, Arizona. 
— For account of the region, see pages 71 and 175, with 
frontispiece and Figs. 50, 64, and 126. Also Use of Gov- 
ernmental Maps in Schools, Davis, King & Collie, page 
16. Plot the outline of the sheet on a general map. What 
are the scale and contour interval? What are the lati- 
tude and longitude of the quadrangle? Describe the 
course of the Colorado River across the area. IIow many 
tributaries are shown, on the north, and on the south? 
Why so few? What is the general al ti tilde of the plateau? 
How deep is the canyon sunk below the general level ? 
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How high are the walls of the outer canyon? See apposite 
L of Colorado River. How wide is the outer gorge at this 
point ? How doep is the river gorge here? 

Make a uorth and south profile of the eanyon through 
L of Colorado River. Use horizontal scale of map, 4 ineh 
— 1 mile. Vertical scale, £ ineh — 1,000 feet. \Vhat is 
the approximate vertical exaggeration ? Compare your 
protìle with the combined aection and profile of Fig. 50. 
As directed below Fig. 50, see what parts of the gorge are 
showu iu frontispiece and in Fig. 64. 

How wide a belt along the river from east to west 
shows the plateau weli cut into fragments and spurs? 
How do Kanab and Cataract Cauyons compare in depth 
with the Colorado? 

27J, Dynamic Study of a Gorge. — This study will com- 
monly he made onlv in a lahoratory which is fitted with 
a tank and hose. Make a heap of sand with gentle slopes 
and irregtilar surfaee and turn on a gentle spray. Noto 
the ahfiOTption of some of the water, and the graduai gath- 
ering of the rest along one or more lìnea of depression. 
Note the amali eanyons formed. What is the character 
of the alopea? If a few small stoncs are mixed with the 
sand, what effect will some of these have when the rivulet 
crossea them ? Do you recognize in the experiment any 
festures seen in a fieli visit to a gorge? 

Bnild np a hill with alternate laverà of variable thiek- 
ne^s, of sand aud of fine tough day, fiiiishiiig with sand 
at the top. Re careful to uso a fine spray, lesi the work 
he (oo violent for the aoft materiale. Note the resulta; 
in rate of sinking of the canyon; in the lougitudinal 
profile, and in the cross profile, or eharacter of the side 
wall». 

If the above apparatila is not at hand, the intereated 
filudent ean try similnr experiments ai home, if there 
he a dnor-vard or garden, with hoae, or a common water- 
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ing-pot with a fine sprinkler can be used, and the student 
can exercise his ingenuity in imitating the conditions of 
nature. Other results than the excavation of canyons will 
be produced. Some of these will be noticed in later exer- 
cises. 

28. Transportation by Streams. — If you have visited a 
gorge, and found running water there, you have witnessed 
transportation accomplished in the spring floods. As ali 
streams carry loads, whether flowing in gorges or else- 
where, we give a separate exercise. 

Observe the stream at a point where it is swift. What 
is the size of the materials lodged in its bed? If there 
were more,, or swifter water, would some of these stones 
move on? What sort of material is moved, at some point 
where the current is gentle? Are there, by the stream 
or in its bed, masses that carne down at high water ? Will 
they grow smaller as they are bowled along by successive 
floods? Will any causes tend to split them as they are 
long exposed ? 

Why is the water of a brook darkened after a shower ? 
Collect a bottle of this water and allow the earthy matter 
to settle. How thick is the layer of sediment at the bot- 
toni? Make a rough comparison of the bulk of the water 
and of the earthy matter carried by it. When you collect 
the sample of water, make at the same point an estimate 
of the average depth and width of the current. The prod- 
uct of these two will give you the area of the cross-section. 
Pace off 50 or 100 fcet along the stream. Drop a chip 
at the upper limit and time its passage to the lower point. 
This marks the velocity. .Fimi how far the chip would 
travel in an hour, the velocity being uniform. Multiply 
this distance by the area of the cross-section. The product 
will be the amount in cubie feet of the water passing your 
point of observation in one hour. Multiply this by the 
ratio of mud to water as shovrn in your bottle. The re- 
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suft is the amount of waste gathered frani the land and 
carried past the given point in one hour.. Find the amount 
for a day: for the periad during whieh the flood is at 
aliout the sanie height. 

31. Map Study of Divides.— Iteview the definition of 
a divide in the fcext Take any map whieh sliows the drain- 
age of New York. Observe that ali waters flowìng to the 
north and west enter the lakes or the St. l^awrence. Fol- 
low the divide that sopnrat.es these waters from those that 
flow southward. What weìl-known lake and river in south- 
western New York diseharge into the Mississippi?,' How 
far is the north end of that lake from Lake ErieP How 
do the Cheinung and Chenango send their waters to the 
oceanf Find the line of water partings belween the Hud- 
son River system and Lake Ontario; the Hudson and St. 
Lawrence Sìvèrythe Hudson and Lake Champlain.j If 
a n aniline map is at band, trace on it the line of divides 
thus far studied. 

31a. Elmira Sheet. What Ìb the principal stream? 
What larger river does it join? See above, or general 
map. Note the small stream flowìng north from near 
Horseheads. What lake does it enter? See Watkins sheet. 
Observe the course of Newtown Creek. How near do 
Kewtown Creek and Oatharine Creek approaeh eaeli otber? 
See seale. What is the charactcr of the surfaee between 
them? Observe that this is. one point along tbe divide 
al ready trami. It is also of interest as the point of over- 
flow of a large giacisi lake. "" 

316. Oriskany Sheet. Follow the course of the Mn- 
hawk, first southward, and turnìng castward at Rome. 
Thon note the course of Wood Creek so far as seen on 
this sheet. 'Tf the Oneida sheet is at band, follow it to 
Oneida Lake. How far from the river to the ereek th mugli 
the eity of Rome? What is the eharaeter of the surfaee? 
How do the waters of the two streams reaeh the oeean?: 
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What is the altitude of the divide?- This is the famous 
" Oneida Carrying Place " used in carly history, and by 
the Indiana bei'ore the coming of the white man. It also 
had been the point of outlet of vast glacial lakes. See 
text; page 146 and Fig. 112. 

In place of the above exercise, study the system of 
divides in your own State, using any maps that are avail- 
able, and looking to the teacher for suggestions. Penn- 
sylvania, West Virginia, North Carolina, Wisconsin, Min- 
nesota, Wyoming and Colorado are well fitted for this kind 
of study. 

3 le. Divides Having Sharp Crests. — Lead ville Sheet. 
What is the chief stream in this quadrangle? Where is 
Leadville with reference to it? Answer the above in re- 
gard to altitude and distance as well as direction. What 
mountain- range east of Leadville? Note its altitude and 
its height above the Arkansas River. What stream drains 
the eastern slope of this range? ^'Mt range west of the 
Arkansas Biver? Note the head-waters on the west edge 
of the map south of Hagerman Tunnel. They belong to 
Boaring Fork. On a general map learn the course, toward 
the sea, of Boaring Fork, Eagle Biver, Ten Mile Creek, 
and Blue Biver. Study the divides between these and the 
Arkansas and South Piatte. Make an east and west pro- 
file along the line of Sacramento Gulch, Mount Sherman, 
Malta and Evergreen Lakes. Take horizontal scale of map 
and vertical scale, \ inch = 1,000 feet. Let the base-line 
be sea level. Observe the altitude of Leadville relative 
to sea level and to the mountain crests. How great slopes 
per mile do you find on either side of Mount Sherman? 
Observe that the Sawatch Bange is much higher at Mount 
Massive than where our profile is drawn; also that but 
little of the relief on the west is shown on this sheet. Fol- 
low the crest of Park Bange from Weston Pass to Bald 
Mountain, and note the variations of altitude. 
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The etudent ahould observe that 25- and 50-foot as 
well as 10u-foot eontours aro used on aome parta of this 
sheet. The last only will he noeded hi thia atudy. 

32. Waterfalls— Field Study of a Locai Fall.— Briuf 
description of gorge and streani. Doca the gorge exteiid 
above as well aa below the fall? If not, why? What ia 
the height? How doea the width of the stream at ordi- 
nary volume rampare with the width of the gorge? la 
there a elear plunge, or otherwise? What are the appear- 
auce and strueture of the rocka? How doea the structure 
affect the charaeter of the fall? la there a hard lied at the 
top? If so, are the softer rocks below uudcreut? Com- 
pare Fig. 33. Are there evìdences of ra.vaaion, such aa 
fallen blocks? Is the rock jointed, and if so, what is the 
effeet upon the fall? la there a pool at the base of the 
fall, and if so, can yoit determine ita depth? Make a longi- 
tudinal profìle and seetion. For a model see Fig. 25. If 
the rock ie not stratified, remember tliat your diagram 
will differ conaiderably froni that in the test. 

32o. Niagara. — Niagara Falla Sheet, Ohserve the 
charaeter and alti tilde of the surface froni Lake Ontario 
to Lewiston and Queenston. Study the eaearpment which 
runs east and west from theae potate. How high ìs it? 
How far from Niagara Falla? What kind of aurface do 
we.find south of the csearpuient ? How mucli do tho 
banks rise above the river at Grand Island? Study the 
diagram, Fig. 5*5. What rocks predominate near the 
top ? What nearer the bottoni ? What eauses the under- 
eutting? How does the height of the falla compare with 
the depth of water below the falla? Why ia the water so 
deep? Note that on the map it ia reprint ed bere aa 
stili. Compare the appearanee of the rapida as ropre- 
sented above the falla or in tho direction of the whirl- 
pool. Where on the map do the falla appear to be rapidly 
receding? Whcre ivould you infer that the falla were at 
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the beginning? Make a cross profile just below the falls; 
another below the railway bridges. Does Niagara differ 
in principle from the Gadsden fall, Fig. 23 ? What differ- 
ences of condition, or of details, do you notice? 

37-40. Field Study of Flood-plains and Meanders. — 
How wide is the flood-plain? Is the stream midway or 
nearer one side? Is the plain smooth, or interrupted by 
old ehannels ? Are any parts of it higher than others ? If 
higher along the stream, why? See text-book, page 47. 
How much water in the stream — that is, is it an average 
height, or low, or high ? If you have seen it washing over 
the flood-plains, describe. Why would earth and coarser 
waste be left on the fields at such a time? How has the 
plain been built up ? 

How much does the stream varv from a direct course 
through its flood-plain ? Make a pian or map of its curves, 
showing it in either direction as far as you can see dis- 
tinctly. Sketch in also the outer borders of the flood- 
plain at the base of the valley sides. Make a cross profile 
of valley, including stream, plain, and slopes. Select a 
curve for study. How great is the sidewise swing which 
it makes ? Does it curve so strongly as to make an ox-bow ? 
What is the form of the bank on the outside of the bend ? 
On the inside? Why? How deep is the water on the 
two sides of the stream? Will the spur within the bend 
grow longer? What will happen to the bluff on the 
other side ? How will these changes affect the form or size 
of the meander ? Can you find a place where a " cut-off " 
has taken place, or may soon take place? Can yoìi find 
abandoned meander courses on the flood-plain? Do they 
show meadow, marsh, or lagoon? If you have seen a 
meandering stream much larger or smaller than this, how 
wide was the swing of its meanders, as compared with 
those seen here? 

How do the fields on the flood-plains compare with 



RIYERS 31 

the hillsides, as respects homes aod crops? Where Me 
most of the pastures and foresta? Why? Compare the 
snils with those of the uplands. If the valley is spaeious, 
where are the railway unti l'hief highways? 

37-iOa. Map Study of Flood-plains and Meauders.— 
Kansas City Sheet. Marshall Sheet, Missouri. Begin 
with the fonner and note Beale and eontour intonai. 
Plot the boundary of the sheet on a general map, Altitude 
of the uplands adjoining the valley of the Missouri Riverì 
How mueh is the valley sunk below the general surface? 
How wide is the tiood-plain at Leavenworth? Include the 
stream in the measurement. Width at Connor? How 
many times does the Missouri Iìiver cross the flood-piani 
frani one valley side to the other within this area? Are 
there any lakes re preseli ti ng fonner sectione of the river? 
Take the Piatte River, not eonfusing this with the g rea ter 
river of the sanie name. How does the swing of its raean- 
dere compare with that of the trinile river? Are tliere any 
cut-off lakes? How could the Piatte have flowed so far on 
the Missouri flootl-plain wìthout joining the raain river? 
Give a possihle reason for its abandoning this channel and 
entering the Missouri at Waldron. Why should the chief 
city have grown up where Kansas City now is? Note the 
railway routes. 

Study the Marshall Sheet in a similar way. How far 
down the river froin Kansas City is the Marshall quad- 
rante? How wide is the flood-plaiii bere? Is there any 
differenee in the nuinher of lakes showing ahandoned parts 
of ihc old coursi' ? What feature in the eastcrn part of the 
area is different froni anvthing seen on the Kansas City 
Sheet ? Compare the meander swings of Grand River with 
those of the Missouri. Compare the swings of the lower 
coui'se of Big Creek with botri tbe otbers. 

37-40&. St. Louis, Ka.-l Sheet. How is tbe present 
course of the stream related to the flood-pia mis? How 
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wide is the flood-plain at the uortli ? At the solito ? llow 
much is the flood-plain heLow the adjoining uplauds? 
Make an outline sketch of the flood-plain, showing its 
borders, the course of the river, and llic posi t km and form 
of the principal cut-off lakos. What conditions would 
serve to locate the city where it ìh? Thia question has 
reference only to this quadrangle, uot to genera) geographic 
conditions. 

42. Dynamic Study of Deltas. — Tank and spray as in 
wction 37&. Fili the bottoni of the tank so that your 
miniature land has water arocnd ìt, or at lcast on one 
side. Use the tini» spray to forni a strenui system as before, 
but wateh now what goes on at the edge of the water. 
Record the progress of <rn>wth of the delta. If the mate- 
rial of the land is compact and the spray very gentle, the 
work may go on for severa! ilavs. and Tinte- he iliade each 
day or half day. What ìs the shape of the delta— that is, 
its outline — particularly in front? If lobate, do some lobes 
grow faster than others? How steep are the frontal 
slopes? Would the slopc depend on the eize of tbe frag- 
ments of waste? What eansea a lobate growth of the 
front? Does the top surfaec of the delta show ehannels 
lcading to the lobate points of diaeharge? Observe the 
progreasìve developmcnt of the valleys while the delta ia 
in procestì of forrnation. Compare your delta with thoae 
shown in Figs. 37 and 40. 

Draw down the water ao that the ■upper half of more 
of the delta ia expoaed, and continue the spray. What 
effect is produced on the new-made land? Will a new 
delta form, and at what level? 

After the material has partially dried, make a longi- 
tudinal scction of your delta and see if the structure ia 
similar to that shown in Fig. 39. 

42(i. The Delta of the Nile.— "Read any available de- 
seriptions of the great river and its delta. See any ency- 
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clopedia, articles Egypt and Nile; also, Lyell, Principles 
of Geology, eleventh edition, voi. i, pp. 427-435. 

Turn to the map, Fig. 38. The scale of this map is 
about 50 mi Ics to the inch. The head of the delta is at 
Cairo. How far is this from the sea, directly to the 
north ? The base of the delta may be said to extend from 
Alexandria to Port Said. What is the distance between 
the two points? How many large branches or distribu- 
taries run from below Cairo to the sea? At what town 
does the more easterly of these reach the Mediterranean ? 
At the mouth of the other, northeast of Alexandria, is 
Rosetta, not indicated on this map. From Damietta to 
Rosetta is sometimes considered the base of the delta. 
What is the cause of the capes at these two points? The 
lower portion of the delta has undergone graduai sub- 
sidence. What feature of the northern parts of the area 
would be explained by this? Is there anywhere else in 
Egypt so large a body of fertile land? Consult a map on 
which the towns are fully shown, as in the Century Atlas, 
and record your opinion of the density of population. 

48. Map Study of Lake Filling.— Fig. 42, or the Wat- 
kins, N. Y., Sheet, enti re. We will first consider what we 
have in Fig. 42. What is the altitude of the surface of 
Seneca Lake? See near top of map. What altitude is 
marked by the contour adjacent to the lake? Do any 
contours cross the area between Watkins and Montour 
Falls? How far up the stream from Montour Falls be- 
fore you cross a contour? How far is this point from 
the lake ? How wide is this fiat area ? How many square 
miles does it include approximately ? Note Watkins 
Glen and lesser gorges of other streams which open on 
the fiat ground. Can you explain the conditions other- 
wise than by a process of lake filling? Observe that we 
have here a delta, though not one of salient forai, because 
the waste is deposited in the head of the lake in a narrow 
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valley. The lake is but a few feet deep about the en- 
trance of Catharine Creek; about 50 feet deep adjacent to 
Watkins, but becomes from 150 to 200 feet deep within 
about one-half mile from the south shore. May Catharine 
Creek have flowed into the lake at other points? Note 
Salt Point, and explain. If the Watkins Sheet is at band, 
observe the extent of Watkins Glen and others, as afford- 
ing material for filling. Note other points below Salt 
Point; also Glenora and Peach Orchard. Combine this 
sheet with the Elmira, already studied, and trace Cath- 
arine Creek up to the divide. 

45-50. Comparative Study of the Maps, Figs. 41 and 
44. — Mature and imperfect dissection by streams. Fig. 
41 is part of the Huntington Sheet, West Virginia. Note 
the scale and contour interval. How many square miles 
are shown by the map ? What is the chief stream ? This 
enters the Ohio Eiver a little more than 20 miles to the 
northwest. What is the altitude of Mann Knob? What 
is the average altitude of the hilltops throughout the 
area? How far above the sea level is the floor of the 
Guyandot Valley? Are the branches of this river many 
or few? Have the streams any considerable flood-plains ? 
How would you describe the surface of this region as a 
whole? Do the roads run on the uplands or along the 
streams? If a copy of the Huntington Sheet is at hand, 
extend your study over the entire area, with questions 
similar to those given above. In this case record the 
position of towns and smaller settlements, as regards the 
streams. Study section 45 in connection with the above 
exercise. 

Fig. 44 is part of the Piney Point Sheet, Virginia. 
Note scale and contour interval. Observe that the inter- 
val is but one-fìfth as great as in Fig. 41. Why is a small 
interval needed in a fiat countrv? Observe also the dif- 
ference of scale as compared with Fig. 41. The water at 
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the northeast is a bit of the Potomac River. Does this 
differ frani sea level along the lower river? Can you 
show this front the map? Are the streams here many or 
few ? How wide are the smooth uplande between the 
beads of the streams? What is the greatest altitude you 
can find here? How do the roads run as rogar da the 
streams? Can you suggest a reason for this? 

If you have the Finey Potiti Sheet study it in a sim- 
ilar way. Note the tidal mouths of streams both on the 
north and south of the Potomac; the numerous fiat tahu- 
lar lands between the streams; and the location of the set- 
tlements. This is a young plain imperfectly covered hy 
the drainage system, or hut partly dissected, as rompami 
with the full possession by the streams seen in the West 
Virginia area. Head carefully section 50. It would he 
uscful to read also in this connection section 130, describ- 
ing the Atlantic Coastal Plain, of which this is a small 
part. 

51. Trellised or Rectangular Drainage. — Monterey 
Sheet, Virginia and West Virginia. Folio til, United 
States (ieological Survey (priee ^!5 cents), gives in detail 
the topngraphy and geology ol' this qoadrangle. It may ba 
studied with profit, thougb not essential to thU exerciee. 

In whicli State does the larger part of this area lie? 
Does the line follow a mountain ridge or a valley? Note 
the scale ;md contesi interval. In what direction do the 
chief streams run? Determine from a general map to 
what larger rivers tbey are trilmtary. What are the dìree- 
tions of the smaller branches of these streams? Whai in 
the elevation of the mountain ridges above the main val- 
leys? Do the larger streams anywhere cut across or 
through the ridges? See Black Creek. Little Black Creek, 
and Bull Pasture River. Note the mountain ridge cast of 
Cnvnln ì<t lì j ver. Why sluiuld it bear six names within 
a distante ot '.'0 miles? Olisene in like manner the ridge 
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east of Jackson Eiver. With tracing paper make a pian 
of the drainage of the northeast quarter of the map and 
note the rectangular arrangement. Find the only bit of 
railway in the area, and observe that it runs through a 
" gap." How will the f orm of the ridges be affected when 
the streamlets bave cut deeper and longer channels? 

Compare the drainage shown on Pine Grò ve Sheet, 
Pennsylvania. Observe the relations of this area to the 
Susquehanna Eiver. What is the chief stream in the 
quadrangle ? Find Tremont. How many " elbows " along 
the stream before it leaves the quadrangle? Name the 
mountain ridges which it passes by water gaps. What is 
the direction of flow in these gaps? Such parts of a 
stream are often called " transverse." What is the direc- 
tion of the stream when following the valleys? Such 
parts of a stream are often called " longitudinal." Find 
other transverse and longitudinal sections of streams. 
Note the tributaries of Black Creek as to size and number. 
Trace the drainage of that part of the map lying south 
of Tremont. 

The student should give special attention to section 
51, and to Fig. 45, showing a water-gap, and Figs. 46 and 
47. Figs. 44 and 41 also show the branching or tree-like 
drainage in contrast with that just studied. The Harris- 
burg sheet shows a series of great water-gaps occupied by 
the Susquehanna. Observe that it is the master streams 
which bave been able to sink their beds across the hard 
ribs of rock encountered in the down-wear of the land, 
and as fast as the cutting of the gaps permitted, the softer 
beds have been cut away, forming the valleys which lie 
between the ridges. 

54-62. Outline Sketches of Eiver Systems in the 
United States. — Eivers in blue, divides in red. Upon an 
outline map trace the chief rivers of the Atlantic slope. 
(This slope in a limited sense, not now including the St. 
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Lawrence or the Mississippi.) Trace the line of water- 
parting that separates these tesser rivers troni the St. Law- 
rence and the Mississippi. In. what pari of New England 
does it run? We bave alTeadv followed the line across 
New York (exercise 31). What river does it separate in 
Pennsylvania? What general conrse have ali the Atlantic 
rivers south of the Hudson? South of the Potomac 
River, does the divide run nearer the cast or the west bor- 
der of the Appalachian Mountains? That is, does the 
mountain-bclt drain chiefly into the Mississippi or directly 
into the Atlantic? (Consult any map of the United States 
whieh shows relief.) What proportion of Ohio, Indiana, 
or Illinois is tributary to the Great Lakes? What share of 
Minnesota (estimate froni your sketch map) drains into 
Lake Superior? Into Hudson Bay? Into the Missis- 
sippi? Analyze in a similar manner the drainage of 
Colorado; Wyoming; Utah; Montana. Through how 
niany channels does the Pad tic slope send most of ita 
waters to the sea? How does the Atlantic slope compare 
in this respect? What share of the United States drains 
into the Atlantic, using the words Atlantic slope now in 
their hroadest Bensa? 

55. The Mississippi River. — It is not expected that 
any class will complete ali of the exercises that follow. 
The ehoice will depend on the avaihible material, or on 
the location of the school, especially if within some part 
ni' the Mississippi basili. The materia! for study is given 
under each exercise. The following references will be 
oserai: llall's Oeography of Minnesota (The U. W. Wil- 
son Company, Minneapolis), pp. 118-125, 389-133, 159- 
157; Russell's Rivers of North America, pp. 70-75, 1 18 - 
133, 2«5-271 ; Stanford'* North America, voi. ii, Gan- 
n.'tl. pp. 17-21, 400-402; International (ieograpliy, pp. 
743, 748. 

ESo. The Mississippi System.— (In an ontline map of 
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the United States sketch the chief members of the system 
and the bounding divides. This in part will be a review 
of exercises 31 and 54-62. Of the greatest eastern, north- 
ern, and western members, the first (Ohio) discharges the 
mos.t water, the second occupies a centrai position, and the 
third is the longest. Which in your opinion has the best 
right to be called the Mississippi River? 

Construct profiles of the several chief parts of the sys- 
tem, using altitudes and distances as below : \ inch = 100 
miles is a suitable horizontal scale, and \ inch = 1,000 
feet may be used for a vertical scale. This will require 
special care in drawing where the descent is slight. If 
Gannett's Profiles of Rivers in the United States is at 
hand, some of the exercises can be carried to much greater 
detail by using intermediate stations. The pamphlet is 
No. 44, Water- Supply and Irrigation Papers, United 
States Geological Survey. 

Data for profiles of the Mississippi River, including 
the greater branches. 

MISSISSIPPI. 



Station. 



Mouth 

Vicksburg 

Memphis , 

Cairo , 

St. Louis , 

Mouth of Missouri River 

Burlington, Iowa 

Lacrosse, Wis 

St. Paul 

Minneapolis 

Lake Itasca 



Distance 

from 
mouth. 



Miles 


487 
862 
1097 
1270 
1288 
1492 
1791 
1937 
1952 
2296 



Height 

above 

sea. 



Feet. 

00 
48 
185 
271 
380 
395 
511 
628 
683 
794 
1462 



Draw a straight line 23 half inches (or W\ inches) 
long. Using the adopted scale, mark the position of Vicks- 
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burg (5 half itichcs), Memphis (about 8£ half ìnches), 
Cairo, etc. Haise a vertical at Vicksburg 48-1000, or 
atout 1-20 of a half inch in length. This will be scarcely 
more than a point, but it emphasizes the sluggishness of 
the lower river. At Cairo the vertical will be a little more 
than J incb, at Minneapolis a little moro than § ìnch, and 
at Lake Itaaca abont $ inch. Connect the summits of the 
verticals with a broken line, and you will have the de- 
simi profile. What is tìic mtaning of the sudden change 
of height ahove St. Paul? Sue òòb. 

What is the descent por mile between Vicksburg and 
the sea? Between Cairo and Vicksburg ? Between Minne- 
apolis and Lake Itaaca? 

OHIO-ALLEGHENY. 


Station. 


Disi a (ice 
mo'uSi. 


Haight 




Mile». 
fi 

37-1 
37S 
511 
871 
963 
1300 


391 
060 
898 
IMO 
2074 
2111 
2840 
242S 


Fwl. 
274 
367 
3H 
431 
622 
702 
1700 

395 
71 fi 
960 
llfil 
1855 
2665 
3295 
4000 
7000 














MISSOURI. 

Mouth. 


Omaha 

Yiinklon 

Moutlicif the Vdknratotw, ti. D ... 








By combining the above data and nsing great care an 
interest mg composite profile of tbc three great eonroes 
i 
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mav be drawn, which will show one line for the lower 
river, diverging above. What other branches of the Mis- 
sissippi may be fairly compared with those studied above? 

55&. Mississippi River at the " Twin Cities." — Minne- 
apolis and St. Paul Sheets. Locate these on a general 
map. Note scale and con tour interval. What changes 
of direction are iliade by the river as it passes the two 
cities? What is the length of its course across the com- 
bined qnadrangles ? Where is St. Anthony Falls? What 
is the altitude of the water surface above and below the 
falls? What is the character of the valley below the falls? 
Depth? Width? This gorge has been cut as the falls 
have receded, during a period variously estimated at from 
eight thousand to twenty thousand years. Compare 
Niagara. Note Minnehaha Falls and gorge, St. Paul 
Sheet. Why has this fall receded so slowly, making so 
short a gorge ? What river joins the Mississippi at the foot 
of the gorge? Compare its valley with the valley of the 
Mississippi below Pike Island in the following particulars: 
width, depth, lakes, and swamps. Observe the lakes, 
swamps, and rough lands so common in the area. Com- 
pare exercise 134—141. Also see seetion 146 in the text for 
reference to the origin of this gorge. Consult also HalPs 
Geography of Minnesota, pp. 129-133. St. Paul is at the 
head of navigation on the Mississippi. What is the hear- 
ing of this, and of the existence of St. Anthony Falls, on 
the development of cities here? 

55c. The Mississippi Between Illinois and Iowa. — 
Savanna and Clinton Sheets, Towa and Illinois. Locate 
these on the general map. Which quadrangle lies to the 
north? What is the average width of the fìood-plains in 
the two areas taken together? llow wide are fìood-plains 
and river eombined west of Savanna? Can you find a 
contour line crossing the river? What does this mean? 
Can you teli from the map, in any other way, that the 
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current is sluggish? (The fall at Clinton ia 0.2 foot per 
niile and at Savanna 0.3 foot.) Where along the river 
are thore steep hluffs ? What is the cause of them ? Wliat 
reason for hclieving that thia work will not be contili ued 
so long as man controis the region? Note the swamp 
about Dyson Lake and trace it to the Clinton Sheet. 
What ia its origin? Explain the hooked lake west of 
Rush Creek. Do the watcrs of Rush Creek drain into 
the Mississippi, and if so, how? Wliat is the average 
height of the uplands ahove the flood-plain? Is the 
upland smooth or rongh ? Compare the La Salle area 
(Fig. 11). Observe the roadways on the Savanna sheet. 
Do they run mainly in the vai leve or along the divides? 
Account for their position as you fmd them. Make a cross 
pròti le of the valley on an cast and west line crossi ng the 
hilltop in Savanna. Carry it eaatward across the valley 
of Plana River. Use the horizontal scale of the map; ver- 
tical scale J inch = 100 feet. 

SSd. The Lower Mississippi (froin the monta of the 
Ohio to the fiulf).— Map of the Alluvial Valley of the 
Mississippi River from the head of St. Lawrence Basin 
to the Gnlf of Mexico. 

By whom is tlris map puhlished? What is the scale? 
Using this scale, determine the distance from Cairo to 
the mouth of the river. What is the (fiatane* along the 
river? See Stia in "data for profiles." What States are 
touched by this section of the river? How are the flood- 
plain areas distingnished? How wide is the flood-plain 
at Natchez? At Viekshurg? At Memphis? What is the 
average wìdth? How wide is the helt actually occupied ' 
by the river with its meanders? (Draw, or iniagine. linea 
tangent to the principili outswmgìiig beds on (he east, and 
west, and estimate the average width of the strip lying 
between lliem.) With a traebig paper make a pian of the 
meanders and cut-off lakes between Ntitchcz and Vicks- 
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burg. How do Natehez, Vicksburg, and Memphis stand 
with reference to the flood-plaina ? 

The delta region. Record the position of Donaldson- 
ville with reference to Baton Rouge and New Orleans. 
What great bayou leads from the ri ver at Donaldsonville ? 
What are the chief lakes of the delta ? How is the higher 
and drier land situated with reference to the streams? 
Consult page 47 in the text-book. Compare the width of 
the flood-plain of the lower river with its width at 
Savanna and at St. Paul. 

5oe. Meanders and Cut-offs. — Map of Lower Missis- 
sippi River from the mouth of the Ohio River to the 
Head of the Passes, in 32 sheets, scale 1 inch = 1 mile. 
These maps were published by the Mississippi River Com- 
mission, 1881-97. Many of them were republished in 
1900 with red overprint lines showing the changes that 
had taken place in a period of several years. Sheets 13, 
14, 18, 19. 

Take 13 and 14, hanging or spreading them in proper 
order. What great river enters the Mississippi near the 
north end of this area? What are shown by the heavy 
red lines? By the light red lines? By the dotted red 
lines? Date of cut-off opposite mouth of Arkansas River? 
Why is Monterey Landing (Sheet 13) shown in red? Why 
is this a better place for a landing than the inside of the 
bend? How has Island No. 76 changed in form? Ob- 
serve the neck between Miller*s Bend and Georgetown 
Bend, Sheet 14. How did its width in 1894 (see Note) 
compare with its width in 1881-82? What is likely to 
happen bere? How much would the river be shortened? 
Would Utopia Landing be likely to survive? Would it 
take long for Rowdy Bend to become a lake? See Beulah 
Lake, Sheet 13. How far is it from the mouth of the 
Arkansas River to Greenville direct? How far by the 
river ? 
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Sheets 18-19. What import ant town at the north end 
of this area? When did a cut-off oecur just below this 
city? Note also the naiue of the lake that waa formed. 
Obeerve " Grant's Canal" south of the cut-off. In 1863 
Urant tried to turi) tlie river aerosa the neck, so that bis 
gunboats eould go up and down the river without facing 
the guns of Vieksburg. What he was unable to do, nature 
aceomplished thirteen years later. 

Note Newtown Landing, Sheet 18. How far froni the 
river bank is the position of the old upper Newtown 
Landing? How long between the earlier and later sur- 
veys? Note the bend at the northeast, Sheet 19. Does 
this bend He north or south of its former position? How 
mucb? Observe also the bend about Rodney Island at 
the south end of this .area. In whieh direction has it 
shifted? In lìke manner note the south ward encroach- 
ment west of Newtown Landing, Sheet 18. Do these facta 
snggeflt a law as to the down-stream shifting r>f me&aden? 
Esumine otlier sheets of this series for similar cascs, and 
find, if possible, a reason for such changes. 

55;'. The Delta.— Pnnaldsonvillc Sheet. The location 
has been noted in 55(7. What is the contour interrai? 
What is the highest con tour on the inap? Would the com- 
mon 20-foot interrai he of any service in mapping such 
an area? What share of the ipiadrangle is marsh? 
Where are the dry levela? How wide is the beh on eitlier 
side of the river? In what way does the land slope in 
referenee to the river? What is the cause of this? Where 
are the principa! highways and most of the dwellings? 
Why? How do the minor roads run ? Why? What are 
the bine lines? See "Legend." What part of the map 
shows on a sniiill scale the features shown !>y the river? 
Find Nita Crevasae. Observe the alluvial deposit to the 
northward. Why has it a series of lobate forma? Make 
a pratile of river, naturai levees, and swamps along a line 
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passing throtigh the W of Winchester and the W ol Whìte- 
hnll. Use Iiurìzmi tal scale of map, and perticai Beate 
[<j iiifli = .5 teak Compare this profile with those of 
Savanna ami St. l'ani. 

If the'Thibodeatix Sheet is at liaml, noie- the repcti- 
tion of the aliove conditions abng Rayou Lafourche. In 
like iiiiimitT Houma Sheet sbows another section of Tìayou 
Lafourche, with narro wing naturai levees, whìte abont 
Houma are aererai amali parallel bajoua and nitro* beate 
of hahital>le land. Hcre, too, wc see Field and Long 
Lakes, types of many lakea iti the regimi, cnclosed hy the 
network of higher land along the bayous or " distribu- 

56y. Mouth of the River.— East Delta Sheet and West 
Delta Sheet. The former may be taken by itself. What is 
the scale? Are contours useil? Why? See statement at 
bottom of Bheet relative to altitude. Compare the eondi- 
tione with thosc abmit Donaldsonville. Are there any 
hrmses. higliways, or tillahle lands? Where are the lands 
dtuated? With what areas on the Dnnaldsonvillc map 
do they correspond ? What bere correspond to the wwamps 
àbout Donaldsonvilie? How many " passes " are shown 
on this map? Where are the jetties, and what is theìr 
purpose ? 

If West Delta .Shcet is available, note South Pass and 
the minor passes to the westward. Combine the two 
sheets and observe the fmger-like landa forming a fan- 
shaped pattern east of Cubit Gap. What bus liappenod 
here? Compare conditions nortii of Sita Crevasse, 5òf. 

5àh. The Tributaries from the East.— The details of 
Ibis esercire must be loft largely to the teaelier and the 
student, aceording to locai needs. The Wisconsin and 
Illinois Rivers may be studied in detail in the States to 
which they helong. Longitudinal profìles shoidd he drawn 
(see Gannett as ahove for data). In ali such cases we 
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the water at Cincinnati? Scc tcxt, page 48. There is 
sonici i iiics a rise of equa! ainount at Caini ami Viek^liiirg 
ami ut 20 feet at New Orleans. See Figs. 2!> and 30 in 
text. The United States Weatlier Bureau maintains many 
stalions for flood warnings in the Ohio basii). H«w wuuld 
tliese warnings be of use to the popiihilion hetween Caini 
and flie <iulf ? Coutil a levee system era? he made a perfect 
proteetion? Doci siieh a river "aggrade" or huild up its 
bed? Itow would this affect the Uree problem? 

Cities.— These ma)' be studied as fully as lime per- 
mits as regarda goographic canses for origin or growth. 

The Home Biver.* — Bv this is meant the nearest con- 
siderable river. It may be a small river, soon entering the 
sea, or it may be a brandi of a great river system. In the 
batter case earry your study to its junetion with the main 
stream, or study it so far as it is found in your own 
State. If the altitudes are available, make a profilo of its 
bed from its souree. On an outline Stale map sketch it 
in Berne defail. What is the forni of the valley so far as 
you know or ean learn by innuiry? If the eontoured 
niaps are at. hand, yon ean learn this very definitely. Are 
there rapids or waterfalls, and what is the course of 
them? If the valley is wide in some places and gorge- 
like in others, note ibis faet and wateb for an explanatinn 
to come later in your course (section 146). If the annual 
reports of the United States Geologieal Survey are at 
hand, see if yon ean find studies of the amount of water 
flowing in your river in the volumes devoted to hydrogra- 
phy. Aro there bottom lamls, ami are they valuable for 
tillage? Ib the stream navigable? Are there tnwnw on its 
course, ami how closcly do they depend on the river for 
their orìgin and growth? 

are not mimliered, bìdcc they do 







Reference itì mmlc in the test-hook to sverai of the 
ehief kinds of rock. As ali roeks are iliade up of n 
we will first seleet a few of these e\i listai] ces for study. 
There are hundreds of kinds of niinerala, bui rocks are 
ruainly eomposcd of a few. Fainiliarity with lialf a dozen 
of these is ali that is needed in physieal geography. 

Quartz. — Speeimens of glassy quartz and o£ flint. 
Take first the glassy quartz. Is the minerai transparent? 
il erystalline forni? If so, how many sides has the 
crystal? If irregular, (Ines ìt break in any Special direc- 
" tion, or as if hy aecident? How hard is ìt. r 1 Will gìass 
aerateli Ìt? Can you aerateli it with the point of a stcel 
knife? Try dilute hydroehloric acid 011 il. Doea it show 
any effeet? Wliat wouhl you say of the endurance of a 
roek ehiefly eomposed of it? Test your flint in the saine 
way as to hardness and solubitity. I- t transparent ? 
Traiislneent? Opaque? Ilow doea il break? If in 
sniooth eurves, this is called " eonehoidnl," or aneli- like 
fraeture. What uses bave lieen mado nf flint, depending 
on the way in whieh it hreaks or flakes? There are other 
varieties of quartz. Among tliose are milky quarta, smoky 
quartz, amethyst, rose quartz, agate, and jasper. Ali these 
varieties depeud ehiefly on the presenee of other substances 
whìeh ehange the eolor and general appearance. 

Feldspar. — What is the eolor of your specimen? lJi>"s 
it break irregularly or along certain planes? (The prop- 
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erty of splitting along parsile] planea ia eslied eleavage.) 
Does the feldspar cleaYe in onc, or two direction»? If 
more tli;ni tate, givi' the angle between the two. Witl 
glass scratch the specimen? Wìll it aerateli glassi Test 
it in this maimcr with the quarta, What is the oTder of 
hardness of thesc three? Not ali feldspara «ili linvi- the 
color of your specimen. They may he white, gray, green, 
yellow, or light red, They break up or disintegrati' on 
exposure muoh more oasily than quartz. Bee under gran- 
ite and anale, Gì and 85. 

Mica.— What is the color of your specimen? Is it 
transparent? Transluccnt? If the latter, would a 
thinner specimen he transparent? Ts the eleavage perfect 
or otherwise? Has mica the property of elastici ty? Test 
with thin sheets. Has your specimen cristalline form ? If 
you have ragged or elipped slurts this «ili not appear. If 
you find cristalline form, what is it? How hard il the 
mica? Test with a piece of glnss; wilh voar tinger miil; 
with a piece of gypsum. The common mica is calici! nius- 
covite, or sonici imes Museliovy glass, frorn its use for win- ' 
dows in parta of Bonus. It is incorati to eall it "isin- 
già.»." 

Calcite. — The student may hest hegin with a fragment 
of Iceland spar. Test its hardness; with quarta; feldspar; 
mica. How does it compare wìth cach of thesc? What 
is its color? Capaeity for transmitting light? In how 
many directions does it cleave, and at ahout what anglcs? 
What happens if dilute hydrochloric acid is appìied to it? 
This is not the only cristalline form of calcita. Sharp- 
pointed crystals, known as dog-tooth spar, are common. 
Mudi calcite is not in the cristalline form. If a piece 
of native chalk is at hand, note its color, texturc, hardness, 
and the effect of acid. Calcite is one of the most common, 
substanees, as in limestones (fili), shells, corals, and honcs. 

Gypsum. — Begin with a fragment of selenite. What 



Piti ita < 
with t 



WEATHERING AND SOII.S 51 






ita color? Luster? How does it compare in hardness 
with the crystalline calcite? How does its cleavage com- 
pare witli tbat of mica? Is it affected by dilute acid? 
Compare any piece of massive gypsum, if at band. 
Gypsura is a sulfate of calcium, being composcd of cai- 
cium, sulfur, oxygen, and water; while calcite is a car- 
bonate of calcium, eontaining carbon, calcium, ond oxy- 
gen. When the water of gypsum is driven off by buming, 
it beeomes " plaster of paris." 

The Iron Compounds. — Rematile. — Ts tbe specimen 
crystalline or non-crystalline ? What is its color? If 
black, reduce a fragmeut to fine powdcr. What is the 
eolor of the powdcr? Will a magnet attract bits of it? 
Study the magnetite in the sarne way. What differences do 
you find? Study the limonite if a specimen is at band; 
also iron pyrite. What is the color of the last ? Its luster ? 
Its crystalline f orm ? With what metal has it sometimes 
Uni uml'iiscd? Oliservc that the hematite and magnetite 
are the most importami ores of iron, wbilo the pyrite is 
not used for the extraction of iron, but somctimes carries 
gold, and, eontaining sulfur, is sometimes employed in 
making sulfuric ncid. Iron makes but a small part of tbe 
carth's crust, but ig widely diffused, and bas much to do 
with tbe color of rocka. 

(14. Sandstone.— Tilke any specimen of sand from the 
nearest sand-hed, or from a lake shore or marine beach. 
Place a pinch of the sand under a band magnifier, or a 
low-power microscope. Observe tbe sbapc of the grama, 
wbether angular, or worn and battered. Note the propor- 
tion of quarti! and of other minerals. Next take speei- 
mens of sandstone. Note the color and testure, wbether 
coarse or fine. If tbe fornu-r, are any pebbles present? 
If so, it may be called conglomerate, or ptuhlingstone. 
Crush a small fragment and compare tbe risulting grains 
with the sand already studici). Do you fiud any ellenista- 
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tion on the grains tliat may have served as a cement? 
Test with acid to see if ealeareous cemcnt is present. 
Judging by the cement, nr by the diifieulty of crushing, 
which do you think woulcl he the most durable of your 
specimens in a wall or a naturai ledge? Drop a little 
Water on the specimen, and note whether it is absorbed 
slowly or rapidly. Are the color and confiti tu ti un tho sanie 
throughout the specimen? Does it show bands or layers? 
If so, what is their meaning? 

SS. Stale.— What is the color? Can you detect the 
grains of which the rode is made npf How readily doea 
the rock split? Wliat is the tliiekness of the resulting 
flakes? Ohserve that thesc phmes of splitting are due 
to strati fication, and are not the same as the cleavage 
planes of minerale. Compare ali the specimens of shale 
which you have. as regards color, feeling, and general 
appea ranco. Make similar notes upon any specimens of 
clay frani liriek-yards or elsewhere. Compare Fim-dried 
fragments of clay with the shales. Have you a rock inter- 
mediate hetween aliale and sandstone? Is it grìtty to the 
touch? Does it seem to he made of dìstinet grains like 
the ordinary san'dstone? 

86. Limestone. — What is the color of your specimen? 
Note the testure, Whether cristalline or fine grainod and 
compact. Do any fossils appear? Test with dilute acid. 
If action is slnw, crash a little of the rock for (hi' test. 
Allow the perder to reniain until ali possihle solution has 
taken place. If enougli acid has lieen used, (he resìdue 
will lie of other minerale present in the stone. If several 
specimen* are at hand, compare tliem as -to the abortì 
points. Limestone may he snbjected to pressure and other 
forces which change its testure, color, and general appear- 
ance, so that we cali it marble. 

67. Granite. — See seetion 67 and Fig. 53. Olisci- ve. 
your specimen, loobing for the separate mìucraìs which 
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form it. What are the glass-y bits? Do they show any 
crystalline form ?. Are they mingletl with the other min- 
erals in any partieular manner? Do you see bits which 
are white, green, pìnk, or yellow ? Do they show cleavage 
faces? Wiiat ia the minerai? Do you finii amali spangles 
of a shiny minerai? What is it? These three make np 
a typical granite. If you bave several kinds of granite, 
compare them as to color and the coarseness or fineness of 
the minerai bits of which they are made up. Which min- 
erai gives the prevailing color to the granite? Which 
would resisi exposure best, a rock of one minerai or one 
eomposed of rnany pieces of several minerals packed to- 
gether? Which minerai of the granite decays rather read- 
ily? (Section 67.) How many kinds of granite have you 
seco, in buildings, burial monumenta, and any other struc- 
tures, near your home ? 

68-76. Field Study of Weathering.— Visit any eeme- 
tery. What is the appearanee of marbles that have been 
set wtthin three or fonr years? Find one which has been 
set fiftecn years. Has it lost its polìsh in whole or in part? 
What is the cause? Find marbles that have been exposed 
thirty or forty years. Do any seams appear? Have the 
corners scaled anywhero? Are there liebens growing in 
fhc grooves ai the lettering or 011 the general surface? 
'l'in' marbles often have a limestone pcdestal. Exainine 
these block». Have the beilding planes come to light? Is 
the top surface roughened and pitto] by the solvent work 
of rain-water? If you bave access to an old cemetery, ob- 
serve the blocks of slate which have stood for two hundred 
or lliree liundred years, as in the old burial places of Bos- 
ton. Would marblcB have stood as well? 

Note carefullv the dnor-stones. water-tables, window- 
bases, and walls of buildings erotteli wholly or in part of 
stone. Study the earved work of approaohes to brown- 
stone dwellings in New York or other cities. and the pil- 
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lars, pilasters, or exposed cornìces of churches and other 
public buildings. Where eeveral or many structures have 
frolli time to tirae been erected of the sanie stone, note 
the differenees of eondìtion, parlieularly the progressive 
chaii ges of color that have taken plaee. In this connec- 
tion observe Fig. 57. It is called in the title an "old" 
building: so it would he if judged by the standards of the 
New World, beìng somewhat lesa than 300 years in age. 
But for Europe thìa is young. The rock dissolvei and 
crumbles readily, thus giving a false appeariiin-e "f greal 
antiquity. 

68-7(!a. Field Sttidy of Weathering.— Lcdges, quar- 
ries, and the drift. Visit a sand-pit or railway cut. Ob- 
serve carefully the dìfferent kinds of material from the 
top to the bottoni of the exposure. How thick is the soil? 
This can he roughly told by tliu darker color and the depth 
to whieh there is a thorough penetration by Binali roots. 
In the sand-pit do you finti below the soil saiuì whieh is 
discolored? Wliat is the color of the unweathered sand 
stili fiirther down? In digging a diteli or well, the upper 
parts are often cut through recidi sh or yellowish material, 
while below the material is blue. What is the reason for 
this ? 

Observe the corner b and faces of rock in a naturai ledge 
or old quarry. Is there a hroken, shaly appearance of the 
stirfaccs? Crack olì a piece with a hammer. How does 
the appearance at the depth of two or more incb.es com- 
pare with that of the surface parts? Examine a heap of 
bouldcrs or eobblestones. Can. you find any that crush 
under the pressure of the band or readily cut with a knife? 
Break some in two. Do you find in some cases a wealhered 
rim and an imchanged core? Look for wedging by tree 
mots along the sides of ravines; also for blocks thrust 
soniewhat from their naturai position by water treteing 
along joint planes. 
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68-7(56. Toadstool Park.— Study Fig. 7 of this man- 
ual. In what State is Toadstool Park? Consult section 
82 and Figs. 6(5 and 67. Observc in Toadstool Park the 
differonce between the land forms of the foreground and 
di stanco. Which rocks are the hardest? Has the rain 
or the other processes of weathering had most to do in the 
foreground? In the background? What is the position 
of the strata in the foreground? Is there any difference 
in their hardness or resisting power ? Are some hard beds 
thicker than others? Are some soft beds thicker than 
others? The vertical divisions seen here and there are 
joints (section 27). To what is the toadstool effect due? 
Has much or little rock waste been removed? Do you 
see any proof of occasionai stream work in this view? 
Compare, for joints, Figs. 54, 55 ; for rain work, Fig. 56 ; 
for eontrast as to talus, Fig. 64; and for bad-lands in 
general, Figs. (j(j, 67. 

77. Thickness of Land Waste. — TIow far below the sur- 
face is the bed rock, on the average, in your region ? Do 
you bave any wells sunk to the level of the bed rock? 
What is the depth of the drift, if you are within the 
glaciated belt (section 142), or of the residuai from rock 
decay? Other points for measures of thickness will be 
found in gorges, railway cuts, and where stripping has 
been dono for quarrying. 

77-79. Collection of Soil and Drift. — Tf desired, such 
a coliociion may he added to the school outfit. A half 
pint each may be gathered from soils of several fields, ali 
sands and gravols availablo, muck and poat of swamps, 
clays, the fìner waste of talus slopos, etc. Lot the samples 
be onclosod in wide-necked bottles and labeled, stating 
material and locality. Let the student record in bis note- 
book a short account of each specimen with the nature 
and origin of the material, so far as he understands these 
points. 
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89. Water in Eocks. — Take a specimen of sandstone 
and make sure that it is thoroughly dried throughout. 
Weigh it, and then thoroughly soak it in water. Weigh 
it again, and thus ascertain the percentage of water which 
the stone will absorb. Make the same test with other sand- 
stones. What hearing does the capacity for absorbing 
water ha ve upon the durability of building stones? The 
porosity of the sandstone illustrates the fact that sand- 
stones form the reservoirs in which petroleum is con- 
tained (see section 173). Make similar absorption tests 
with limestone or granites, and compare the results with 
those obtained from sandstones. 



CHAPTER V 

WIND WORK 

108-119. Field Study of Blown Sand.— What is the 

locality studied? What cause hinders vegetation from 
holding the sands down? What is the direction of the 
winds which transport the sand? What is the origin of 
the sand? What is the shape and composition of the 
sand grains as seen under a magnifier? How extensive 
is the area covered by the dunes? What is the height of 
individuai hills? Are they irregularly assembled, or in 
wave-like ridges? What is the angle of slope of the dune 
surfaces? Have the dunes recently shifted position, as 
shown by destruction of trees or invasion of tilled fields? 
Is migration stili in progress? How strong a wind is 
required to move the sands? How much plant growth, if 
any, on the dunes? Has any of it been caused by man 
to restrain migration? (Compare Fig. 86 and section 
119.) Has any other means of checking the sands been 
used? (Compare Fig. 84.) Do the dune surfaces show 
ripple marks? Such may be imperfectly seen in Fig. 85. 
Sketch the profiles of a group of dunes. 

112. Map Study of Dunes. — Kinsley Sheet, Kansas. 
Locate the sheet on a general map, and record scale and 
contour interval. What is the differenee in the form of 
the contours showing dunes as compared with those repre- 
senting surfaces shaped by the ordinary drainage? How 
are the dunes of this area related to the Arkansas River? 
Why? Lay out a plot 2 miles square and count the dune 
58 
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hills shown on it. Can you teli exactly how high a given 
hiil is? What is approximately the height of the most 
of them? How high are some of them? What reasons 
for exposure of the sands to wind aetion in this region? 
It would be uscful to compare the Meade, Dodge, and 
Ooldwater Shects, Kansas, and the Kearney Sheet, 
Nebraska. Stndy the eharacter of the Piatte River and 
valley in relation to the belt of dunes. Compare 55i and 
Fig. (! of this niannal. 

120. The Sand Blaat. — In Fig. 87 where ifi the wear- 
ing by the sand taking place? Why at this level and no- 
where else? What will happen in time if the procrea is 
eontinued? What otlicr loeality of sudi work is shown in 
Fig. 88? Describo the appearance of the carved ledge. 
Does blown sand produce similar effeets in the eastern 
United States? See sectìon 120. If possìble visit an 
establishment in whieh the sand Mast is emploved. Learn 
the sources of the sand, the method nf propelling it, and 
the purposes for which the blast is nsed. 



CIIAPTER VI 

GLACIERS 

I-M. Intensive Study of the Gorner Olacier. — Take 

first the map, Fig. S!). What is the scalo, approximately ? 
The contour interval? What is the color of the contour 
lines? For the rock? For show and ice? For streams and 
pniids? What loft y peaks are named on the map? The 
Matterhorn is west wa ni, off the field of this map, but in 
line with the inaili (Gorner) glacier (see Fig. 134). The 
dot f ed line is part of the Swiss-ltalian houndary. Where 
is the (Jorner ( J rat ? Observe that this is the point from 
whieh the view in Fig. ÌM) was taken. It is about 10,000 
feet in alti tude, aboui 1,700 feet above the Gorner Gia- 
cici", and about 5,000 feet lower than the great summits 
from Monte Rosa io the Matterhorn. The student can 
thus appreeiaie ii as an elevated ]>osition in the midst of a 
vast amphithoater fonned bv niouniains and glaciers. 

In whai direction does the trunk glacier flow? What 
is ii called ai its lower or northwestern end? How many 
tributary glaciers an» named on the map? Which is the 
inost westerlv? The most easterlv? Which is the 
largest? Observe the spurs between the glaciers. What 
are the brown lines leading off from these? (See section 
KM.) How many of these? How many appear on the 
Boden Glacier? Why the diminution? How do you ae- 
couni for the abrupt ends of some streams on the gla- 
cier? Take Fig. 5)0. Can you teli where the snow-fields 
of the upper slopes merge into glacial streams as they 
60 
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descend? Why rot? Iiow inany mediai 
stroiigly shoun ? Iiow inany appear faintly ? Why ? Can 
you identify some of the atrong mediai inorai nes with thoae 
shown on the map? Some of the upper slopca which 
appear to hold show support " hanging glaciers." Thia 
meaoa that they resi 011 great ledges, and as thej puah 
down, uinascs of ìec hreak from their lowcr edgea and 
fall with tlie sound and appearance of snow avalanehes. 
See tlie Matterhorn, Fìg. 134. The hanging glaciers are 
well seen at tlie foot of the right-hand iteep face of the 
mountain. 

If the student has aceeas to Tyndall's Glaeiera of the 
Alpa (edition 189G, Longmaua) Iet him read the lìrst as- 
cent of Monte Rosa, 18.5.S, pp. 122-133; the aeeond aacent, 
most of the way without guide, pp. 151-1U0; and of the 
view from the Gorner Grat, pp. 137-140. TyndaH'a 
threc attempta upon the Matterhorn are found in his 
Houra of Excrcise In the Alps, and the first at-cent to the 
summit, by Whymper, ia rividi; told in Whymper'a Seram- 
blea in the Alpe. In the summer of 183!) Louis Agassiz 
made a careful survey of the great group of glaeiera 
lyìng between Monte Kosa and the Matterhorn. Zermatt, 
one of the ehief tourist reeorts of Switzerland, is in the 
Vìsp Valley about 14. miles below the Boden Glaeier. 

122-124. Study of Photographs of Other Glaciers. — 
Specific questione can not be given, aince Bach views as are 
available mari be Btudied. The mountain slopes, tributary 
glaciers, moraines of various kinda, the aurface of the ice 
and the atream issuing from the glaeier ahould ali be de- 
scrfbed, so far as these featuTea appear. 

125. Greenland Ice-Sheet. — The atudent will be ablc 
to anawer the questiona by refercnee to the following: 
aeetion 125; tlie map Fig. 8 of thia manual; and any one 
of the following: The International Geography, pp. 
1040-1043; artiele Greenland in the New International 
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Encyclopedia; articlc Greenland in Encyclopedia Britan- 
nica, or other cncyclopedias. Other references in Teach- 
er's Guide, section 135. What are the length and breadth 
of Greenland ? Note that answers vary somewhat with the 
authority consult ed. What is the area? What share of 
the land is eovered by the ice-cap? IIow wide are the ice- 
free borderà of the island? Is this a rough or smooth 
shore-Ime? Consult the inap. The student would find 
it useful also to read aectiona 259 and 863. What esplor- 
erà bave made journeys over the inland ice? Give routes, 
dates, and distances so far as tliey appear on tliis inap. 
What is the eharacter of the sur face of the inland ice? 
IIow high is it known to rise above the sea level? Does it 
carry any moraìnes? Does the ice-aheet disappear entirely 
by melting on land? If not, how does the balauee of the 
ice escape? What rcsults from this? (Section 136.) 
How does this iee-sheet rank among those now existing. 
(Section 187.) 

189, Glacier Motion. — Seek and record ali proofs that 
you can find that glaeiere flow. Consult the text-book, 
seetions 121, 126, 129 and 133. For the use of instru- 
ments in detorniining motion and ita rate, consult Tyn- 
dalFs Forma of Water, International Seientific Series, pp. 
59-72. This passage also gìves proof from drifting of 
Swiss huts on the glacier. See also Brìgham's Tcxt-book 
of Geology, pp. 92-94. 

Does ice appear more brìttle than a stick of sealing- 
wax? Support the stick by its ends in a room of ordinary 
temperature and observe it at intervals for a day or two. 
Record the results. Test a stick of molasses candy by gen- 
tle pressure and by a sudden blow. A block of asphalt 
will serve the same purpose if a broad piece is rcsted on 
a narrow support for a few weeks and the adjustmcnt 
noted. The student must not think that these illustra- 
tions explain the motion of glaciers. They only show that 
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glacier ice is not the only brittle substanco wliich will 
dia ri gè forni under pressure, gradually or steadily ap- 
plied. When the ice of a glacier falla over a declivily 
(Fig. 250 and seetion 122) it breaks into great fragments. 
Beìow, it often eloses up and may be readily erossed. The 
glacier in cverywhere subject to powerful strains, and raay 
be craeked or uni shed at au influite nutnber of points, 
always freezing solìd again. Compare the cruslied ice of 
the e rea ni -freezer, beeoming a solid mass after a few hours. 

132. Till and Drift Boulders. — If yoo flnd an exposure 
of stony clay, study it, in accordance witb the foilowing 
CTggeationa. Be suro to sce whether it is a fresh exposure, 
or whether slip or washing lins taken place. In this case 
you would not see the real conditions unless you dig into 
the bank. Do you observe any traces of stratiheation wìth 
sorting and layers? If so. how mudi and in what part of 
the bank? If there is none, record the fact Examine 
the stones in the clay. Record their characters, whether 
many or few, large or smalì, angular or worn. Are any 
of them scratched ? Are the fiat stones on edgo as much 
as in any other attitude? Compare this condition with 
the fiat stones along the banks of a river or lake, or in a 
gravcl bed. IIow many different kinds of stones can you 
fìnd in the exposure? Do you know enough about the 
Iedges and quarries within a few miles, or witbin 50 miles, 
to trace any of the pieees to their sources? Reconi the 
color of the deposit, or its colors, if there are dìfferences. 
If your deposit is of clay, unstratified or very little strati- 
fied, and eontahis serateliod stones, it is the "till" of the 
glacial geologists. Consult section 132 and observe Figa. 
98, 99, 100. 

Study the boulders in the fìelds and stone walls. 
Record the relative abundance of the more common kinds. 
Observe the resistance to weathering. Some will show 
little change, and otliers are ready to crumble or fall aparl, 
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from their exposure sin ce the cinse of the giacisi perieli 
Seleet a few of the larger ami messore their dimensiona 
with rule or line. If a largo boulder has been removed 
from ita lied in the ground, Bee how niueh the upper parte 
with their long exposure have weathered in compariseli 
with the parte proteeted by the eartli. 

133, Field Stody of Glacial Pebbles and Striated Bed 
Rocks. — Qather as many as convcnicnt of the ucratclicd 
pcbhles from the bed or hank of till. Select one whieh ìb 
soniewhat longer in one direction than in others. In whieh 
way do the scratehes run? Is the stono scratched 011 sig- 
erai shlcs? How could this he done? Do you find parts 
of the utone little scratehcd? If so, why? Are ali the 
scratehes parallel to eaeh other? If not, what has hap- 
pened ? How niuch have the eorners been rounded? Es- 
timate what proportion of the bulk of the stone has been 
lost by glaeial wear. 

Compare thls specimen with the others, and first in ita 
forni. To what extent are the scratehes parallel to the 
long axis of the stone? Are some stoma more rounded 
ihan others? Are some smoothed on more snrfaees than 
others? Have some wabbled under tho ice more than 
others? > T ote the kinds of rock. Do some take finer 
scratches than others? Are some kinds more numerous 
than others? If one or two kinds predominate in the par- 
ticular bed, what doos this shnw? Can you find any kinds 
whieh do not seem to have taken the scratehes? If so, 
why? Do any of thesc seem tn have been planed or shaped. 
without taking distinet scratehes? If the collectioii of 
scratched pebhles is in the labnratory, they can he stndied 
in a similar way, exeopt that commonly they will not show 
the grouping or proportion of any one place. 

Stndy a patch of scratched bed rock. This may he 
associateci with the bank of till (see l'ig. 100) or other- 
tùe ( l'igs. 104, 105). What is the chanictcr of the 
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rock? Would if aerateli casily or with dìlticulty? Are the 
scratehes line and the general aurface amooth, or are they 
deeper and forming amali furrows? Wliat ia the direc- 
tion of the scratehes? Use the pocket. -coni pass. Lay it 
in a flat place and let the needle come to rari.* Head the 
angle between the needle and the direction of the aeratches. 
This may be gotten approxiniately by holding a straight 
edge, as a face of your lead-peueil, over the pivot of the 
needle and parallel to lliu scratehes. Tn the United States 
it is eonvenient to read tlie angle witli reference to the 
south, silice the ice was inoving in iliat genera] direction, 
unless shifted by locai carnea. Thua if the groovings bave 
a direction of 18° west of aouth (or cast of north) they 
would he record ed as S. 18° W. Note whether the rock 
Biirface is flat or on a slope, also any roituding of ledges 
or molding of hilltopa (Figa. 104, 105). Would the 
scratelies teli whicb of the two dìrections waa taken by the 
ice? ( Sometimes they would, hut ottener not. Here 
cali to inind what you bave learned of the position of the 
bed rocks w'iicb bave supplied the materiate of the drift.) 
134-141. Field Study of Various Glaeial Features.— 
Here the material will be extremely variable, and only 
available, as in 132, 133, within the glaeial belt. Definite 
inatructions must be e\pectc<l mainly from the teaeber. 
The " washed " or water- rollai «aste from the glacier ia 
importaiit. In every sueh case study and describe the 
cxternal forma, whether kamea (section 134), eskera 
(135), terraeea, or deltas. Study also the materiata and 
stratification wherever exposurea oceur. Gravel and 
sand-pita are praline sources of knowledge. See if you 
'can find any seratches on the pebblea and boulders. If 
not, why not? Can you find any faint scratebea, ahowing 
p/irtial obliteration by rolling in water. Study, as in 132, 
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the kinds and proportions of the smaller and larger 
stones. Make dìagrains of the sfiata, showing alternations 
of coarse and fine, and whether horizontal or inclined, with 
ali the variatkms tliat appear in the section. 

134. Moraines. — Eagle Sheet, Wisconsin. How many 
fairly distinti areas of marsh in the quadrangle? How 
many square tniles of marsh by estimate? What share of 
the enti re quadrangle? How many lakes and ponds are 
shown on the map? Note any of them that may have 
been niueh larger fonnerly. What has reduced their size? 
What feature of the contour lines attracts attention? Do 
the elevations show system or othcrwise in their arrange- 
ment? Give attention to that part of the map to the 
northwest of the Chicago, Milwaukee and St. Paul Rail- 
road. How do " deprcssion contours " differ from others? 
See " legend " on right margin of sheet. How many of 
these dcpressions are shown ori the part of the map desig- 
natici? Do any of them eontain ponds? Ilow many? 
Why not the rest? Can you draw a conclusion as to 
whether the deposita are of Band and'gravel or otherwise? 
Rcturning to the map as a whole, can you find a lake of 
some size which has no surface outlet? What kmd of 
contours surround it? Why does not the basin fili up? 
How high do the hills range above Fox Hiver? How 
deep are the deeper dcpressions in the hills, as shown by 
the depressoli contours? These depressione, or "kcttlcs," 
have led to the common use of the name " kettle mo- 
raine" for the great belt of sudi heaps # of waste in the 
State of Wisconsin. 

134«. Charleston Sheet, Rhode Island, and Stoning-. 
ton Sheet, lìhode Island, Connecticut, and New York. 
Where on the Charleston Sheet do the contours suggest a 
helt of moraines? Aìiont how wide is the belt from north 
to south? How high do the hills range ahove Bea tevel? 
Observe Watehong l'oud. What brook and river drain 
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Iti Trace tlius the dninage of Paaqnset nini Worden'* 
l'omls. Wìint swmii])? n\img the nage "!' theae fKwdfcl 
Note Wood River, Benver River, ani) Ohiriuxet River. 
What earrii* tbeir watera tu tlu* Bea? -Fello» ttiis maiii 




streamas show ri on the Stonington Sheet. IIow does the 
region south nf Wflflterly compare with the moraine belt 
nf the Oharleaton quadrante? Why h so mudi of the 
drainage direrted to the weatward? Deaeribe the- con- 
tours on ['"isin'i'V Isliiinl. IIow doea FÌ^Ih.t's Islinnl rom- 
pale in direction «UIi the maialano eaal of Walch Hill? 
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185. Eskera. — Stmly Fig. 9 of this manual. Where is 
the esker? Trace in your note-book a curved line, wlneh, 
as nearly as you ean judge, represents the changen of 
direction of this esker. In doing this, note the swing 
from tight to left at the estreme righi of the view. What 
angle do the side slopes make with a horizont.nl piane? 
Roads are often carried along sudi ridges to avoid mar.shy 
ground ou either hand. Would this eresi he wider than 
would he n ecessa tv for such a purpose? What is the 
heigiit of this esker? (See title.) 

If access can he had to an esker in the field, the study 
can be carried further. Note ali the points called for 
ahove. Plot the eonrse of the ridge more in detail tlian 
is possible from a photograph. (The esker of the figure 
estende considerably beyond the farthest point in view.) 
Asccrtain in detail the fluetuations in height. Seek for 
exposures of the material, and study its character and 
,-lntilni'e, as in exeirise 134-141. Haa the esker dcter- 
mined any human foature, as roads, linea of fence, buiid- 
ings, etc. ? What origin for such ridges is suggested in 
seetion 13,5? Couhl a stream rlowing under ordinary con- 
ditioiiH make such a deposit? If contìned in a tunnel, or 
in an ice canyon, what change would take place in the 
deposi t when the ice-walls melted away? 

136. Map Study of Drumlins. — Sun Fraine Sheet, 
Wisconsin, Locate the sheet in the general map. Es- 
timale the ralìo sustained hy the niarsh lands to the 
whole. Compare as to interruption of dvainage this quad- 
rnngle with that shown on Eagle Sheet (eieroitìe 134). 
Study the drumlins. What is the general direction of their 
longcr axes? What is the relative lengtli and width of 
the average drumlin shown here? What is their average 
height ahove the swamps, or ahove the dry lowlftnds troni 
whieli thcy rìse? Can you find any that are ahout 250 
feet in height? Can you detect any system in the pattern 
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of the drainage? Would you expect any rcgularity? How 
would the etreams compare in this rcspect with those of 
Eagle quadrangle? What in the relative frequency of 
lakea in the two areas? Cari you fimi any depresaion con- 
tours on this sheet? flave the drundins influenced the 
con ree of the railways to any degreef Where the roads 
have not swerved, are the necessary railway cuts shown 
hy the contoura? How many apparently well-formed 
drumlins in Decrfield Towuship? How many equa re 
miles in this township? What does the shape of the drum- 
lins indicate as to the ugency of the glacier in making 
them? Compare the rock dome in Fig. 105, remember- 
ing tliat the latter is high and atecp-sided for ita kind. 
The regular curvature of the contoura ahows very smooth 
surfacos, not gashed by amali atrcama. What testimony 
doea this offer aa to the age of the drumlins? If the 
adjoining sheets are at hand, they may be studied in like 
manner. They are: Waterloo, Wntertown, Evaiisville, 
Stoughton, Koahkonong, and Whitewater, ali in Wiscon- 
sin. Compare the trend of the drumlins of the Madison 
Sheet on the west, and then observe the shape and trend 
of these hills on the Watertowu Sheet, the sccond to the 
east. On the last sheet atudy the eourae of the Rock 
River, eaat and southoast of Watertown. 

13(3a. Drumlins of Western New York.— Many sheets 
are named in the Teacher's Guide. These may be grouped 
for general atudy, or onc or two of the best may be stud- 
ied. The inethod hns been sufficienti}' shown in 136. 
Take, for example, the Oswego Sheet and note trend, 
height, proportionate lcngth and width, and the cutting 
nway of parts of three largo drumlins by wave action 
northeast of Fairhaven. The Raldwìnsvillc Sheet to the 
aoutheast shows a alightlv more eaatward trend and the leaa 
synimetrical or lesa developed forni of many of the bilia. 
Clyde Sheet shows the drumlins of the shore region far- 
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ther west. Note the ehange in the forni of the dramlins 
toward the sound end of the aTea. Connect with this the 
Geneva Sheet. Where do the drumlins disappear? Are 
there any well-formed drumlins in the Geneva quad- 
ratale? The Auburn quadrangle shows similar features. 

If drumlins are near the school, let them he visited 
and studied in detail. Make longitudinal and cross pro- 
files, and study the materiale if exposed. 

141. Glacial Lakes. — Plymouth Sheet, Massachusetts. 
Deseribe this area as regards its general surfaces, ita 
altitudes, and the forma of the hills. What are the 
dirnensions of the longest lakes? Of the smallest ponds? 
What sliare of the lakes and ponds bave surface outlets? 
Observe the small quadrangle enclosed by the meridiana 
70" 35' and 70° 40' and by the parallela 41° 45' and 41° 
50'. How many square miles? How many bodies of 
water? How do the roads show the character of the re- 
gion? Compare the stream courses with those of Sun 
Prairie and Eagle quadrangles, Wisconsin. What other 
sheets already studied show a eonsiderable number of gla- 
cial lakes? Connect with this the Falrnouth Sheet, if at 
hand, and make similar observations. 

If you bave Paradox Lake Sheet, New York, compare 
it with Plymouth Sheet. What of the relative size and 
number of the lakes? Are there so many which bave no 
outlets? Deseribe the elevations among which the lakes 
lie. Observe that bere we bave ìakes in mountain val- 
leys, due to the clogging of these valleys in places with 
drift. 



CHAPTER VII 

PLAHIS 

150. The Atlantic Coastal Plain. — Review carefully 
section 52 and Fig. 47, observing in the latter the extent 
of tlie plain to the fall line. Review section 59. Read 
in advance section 2(>2. Study Fig. 10 of this manual. 
This does not show any particular locality, but represents 
any coastal i)lain in its general character and relations. 
Note the present ])osition of the shore-line. Explain such 
indieations as you see that the sea has swept farther in 
npon the lands. What share of the area shown in the 
model is now sea? Wliat share was formerly sea? What 
has been the cause of the change? Is thcre any evidence 
that tlie sea-border kept its inner position for a consid- 
erable time? Were the rivers then at work in the moun- 
tain region? Where was the land waste of that time de- 
posited? What change in the rivers with the uplift of 
the land? What changes are taking place in the new 
lands? Would the materials of the coastal plains wear 
more or less easily than those of the uplands? Why are 
the valleys so shallow ? Why are the branches of the main 
stream so few and short ? Why is one valley of the plain 
wider than the others? Does the tide enter these rivers? 

150a. Wicomico Sheet, Maryland. Locate on the gen- 
eral map, and record scale and contour interval. What 
are the two chief rivers? Are they tidal or otherwise? 
What are the areas shown in blue with fine horizontal 
lines? See legend. Both in this map and in the model 
72 



are repTesented landa which formerly wore sea bottoni, now 
nplifte»), Whj are the mera tidal, with salt mtrajjes, in 
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this case, and not in the other? What kind of ground lies 
upstream from the salt marsh along Chaptico Creek? 
Why the difference? At what other plaecs on the map 
are the sanie conditiona seen ? What ia the altitude of the 
highcst landa in the quadratigle? What ia the eharacter 
of these surfaces? Ha ve the streams any conaiderable 
flood-plains? Are the sides of their valleys steep or 
otherwise? Are the hranches of the main strami short 
or long? What is the meaning of these facts? Are the 
upland piota changing in forni or size? How are these 
piota drained? Where do the roadways run? Why? Ob- 
aerve the highways leading out in every direction from 
Chaptieo. Do these roads afford any exeeption to the 
general ride? fan you imagine a time when it niight he 
aeeamry to shift the roads to the valleys? Why? Note 
the courses followed by the highway and the railway north- 
ward from Pope Creek. 

The stndent may refei to Fig. 44, which shows an area 
a short distance down the Potomac on its right hank. 
Compare exercise 45-50. It would be well also to read A 
Cotst Swamp, Topographic Atlas of the T'nited States, 
Physiographic Types, folio ii. We find bere the Norfolk 
Sheet, with the adjoining parta of the coastal plain and a 
part of the Dismal Swamp. 

152-155. Map Study of lake Plains.— Niagara Sheet 
(studied for falls and gorge in 32), Wilson and Tona- 
wanda Sheet s. Head in advance Bection 144 and observe 
Fig. 113, noting particularly the position of the " Ridge 
Road." Find the Ridge Road on the Tonawanda Sheet 
(Dickersonville and Cambra) and trace it westward 
aerosa the border of the Niagara Sheet to Lewiston. Note 
that Lake Iroquoia, the greater Lake Ontario of former 
times, shown in the map, Fig. 112, oceupied ali the space 
between tlie Ridge Road and the present lake shore. How 
wìde is the helt? What deposits would it reeeìve wlien 
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the lake water coverod it? Would ìt tluis bocome smoothor 
or rougher land? How ia it now? How mach desceni is 
tliere from the liidge Uoad to the lake? How mach is this 
per roile? What kind of a grada has the Rome, Water- 
town and Ogdensburg Hailway? How does the area com- 
pare in the pattern of ita roadways with the Eagle or Sun 
I'rairie rjuadrangles? Are tliere niany streams? Have 
they to an y degree exeavated valleys ? What do these eon- 
ditions mean? 

Keview the Fargo Sheet. It was Btudied (esercire 13) 
as a saniple contoured inap, hut it was also oxplained that 
the region is young, and ita draìnage imperiectly devel- 
oped. In this respeet it may now lie associateti with the 
Iroquois pluin and the Atlantic coastal plain. Read see- 
tions 153, 153. 

162-15&J. Teorie Valley Sheet, Utah. Read section 
154 and observe Fìgs. 116, 117. What labe appears in 
part Iure? What aro the scale aliti coli tour interrai? 
What is the direction of the mountain rangce? How high 
are they? How iride are the lowland beltà between them? 
In an ordinary mountain country would you expect to find 
the lowlands so even? What has happened here to oblit- 
erate the inequalities ? CJreat Salt Lake is hut aboat 40 
feet deep. If it should dry away would a hasin appear, 
or would the bottoni be contimioua with the Lake Bonne- 
ville bottoni* as we here aee them? Is there any other 
reason than youth for the fewness and smallncss of the 
streams in this region? Roinember (ìreat Sali Lake Val- 
li y. Red Uìvit VaìW. and Lake Ontario lowlands as Ebree 
typical lake plains (Lake Roti nevi Ile, Lake Agnssiz, and 
Lake Iroquois). 

159, Frairie Plains. — Dunlap Sheet, Illinois, and Fig. 
11. Note that Dunlap Sheet and La Salle Sheet (from 
which Fig. 11 is taken) are bota on the Illinois Kiver. 
Record their position in relation to eaeh other, also in re- 
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lation to Chicago and the mouth of the Illinois Ri ver. 
What city is situated a short distance south of the Dunlap 
quadrangle? What is the scale on this sheet? What is 
the contour interval ? Why is this desirable ? What range 
of altitudcs do we find in this area? Where is the lowest 
point? What is the general altitude of the upland areas 
along the dividcs? Are the divides sharp or ill-defined? 
llow many streams have cut broad valleys ? How high are 
the bluffs west of the Illinois River? How far west of 
this bluff is the prairie considcrably trenched or dissected ? 
Have the streams that have done this work developed 
flood-plains? Will they do so? Will they become longer? 
What evidence of a change of course by the Illinois River? 
What do the deprcssion contours in this belt mean? How 
high does the ground between the old channel and the 
new rise above the old river bed? Has the river deepened 
its channel since the change, and if so, how much? Is 
the river sluggish or swift, and what is the evidence? 
What streams west of the bluffs have developed flood- 
plains? How do this topography and drainage compare 
with those of Fig. 41 ? Is this an old or a young land 
sur face? Is it less or more mature than the Fargo quad- 
rangle ? 

What is the general arrangement of the roads in this 
area? Compare in this respect with Fargo, Sun Prairie, 
Eagle, Plymouth, and other quadrangles. Why is there 
departure from this arrangement along the Illinois River 
bluffs? Wliich prevails on the river lowlands? Why 
change from cast and west to the east of Kickapoo? Is 
the region thickly settled or otherwise? How many fam- 
ilies on the average on a section (square mile, see scale) ? 
What relation between this and the character of surface 
and soil ? The soil and underlying drift in this region 
are so deep that wells about Dunlap have been sunk from 
100 to 150 feet in depth without reaching bed rock. 
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Fig. 11, or the entire La Salle Sheet, if at hand, may 
be studied. Record depth and width of main valley, 
short narrow gorges and broad smooth inter-stream up- 
lands, etc. Students living in Illinois will find it of 
interest to consult The Illinois Glacial Lobe, by Frank 
Leverett, monograph xxxviii, United States Geolog- 
ical Survey. It contains in maps and text a great body 
of facts about the rocks, drift, soils, streams, and wells of 
the State. 
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CHAPTER Vili 

MOUIITAIIIS AND PLATEAUS 

163-164. Profile of Eocky Monntains in Colorado 

(Fig. 123). — Use horizontal scale, same as in figure; ver- 
tieal scale ^ indi = 5,000 feet. Represent sea level by a 
base-line 4 inches long. Make first profile east and west 
by Colorado Springs. Locate along the base-line Colorado 
Springs at the east base of the mountains, Pike's Peak 
summit, middle of South Park, crest of Mosquito Range, 
Arkansas River, crest of Sawatch Range, and two or three 
minor crests along the line to the westward. Colorado 
Springs is 6,000 feet above the sea, and the plain slopes 
eastward gentlv. Pike's Peak has an altitude of about 
14,000; South Park and Arkansas Yalley, 8,000 to 9,000; 
the Sawatch Range about 14,000, and Mosquito Range 
about 11,000. The vertical can be erected in accordance 
with these figures and the profile drawn. 

Make a similar profile from east to west along the line 
of the word " park " in San Luis Park and compare it 
with the first, noting differences. Compare your profiles 
with the geological section of the Front Range (Fig. 125). 
Where does this section belong, if its line were drawn on 
the map (Fig. 123) ? In learning the structure of these 
mountain ranges from the text and from Fig. 125, consult 
also Gannett's Physiographic Types, folio ii, Hogbacks. 
His map, view, section, and text explain quite fully 
" Rocky Mountain structure." 

165. Colorado Plateaus. — Echo Cliffs Sheet and Kai- 
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bah Sheet. If the gmu]) of sheet s noted in the Teaeber's 
Guide is available, the study can he iliade to cover the 
entire regimi. Iìeview exerrise 'ita. Note scale and con- 
tour interval. What is the altitude of Parìa Plateau? 
The direction of slope? Height of Verruilion Cliffa? 
For a general view of sudi cliffs see Fig. 126. Altitude 
of plateau soutb of Vermilion Cliffs? Deptb of Marblc 
Canyon? How irida is the dinsectwl beli along the Marble 
Canyon? Along the Grand Canyon? Why this differeme? 
What eonsìderuble streams enter the Colorado within 



these two quadrangles? Do they enter the trunk river at 
grada? Is there any exception — that is, doos any stream 
show rapide or fallì) near the junction? Does any percn- 
nial ^trwnii enter the Colorado between Tarili Canyon and 

Little Colorado Hivcr? How far is tliìs? Between Na- 
vigo Crcek and Little Colorado River, as shown oli Edio 
Cliffs Sheet, are aliout (JOO square niiles of territori' with- 
out a pri'cnnial gt roani. Compare the strettine ou an area 
20 X 30 niiles in sìze near your home. 

Is this a mature or an immature land surfaee? What 
is the climate bere? How WOOld (liis affoet the rate of 
inaturing? This surfaee is mueh older than that of the 
prairies in Illinois owing to the drift eover in llie bitter 
regions, Why has the Colorado no apparent llood-plains, 
whilo tbose of flie Illinois River are broad ? What hearing 
has material on which the rivors work open this miestion? 
What ìmportanee has the dilTereuee in altitude in this 
question? The size of the two streams? Why are the 
springs ali marked on the two sheets? 

Kitì. Great Basin Topography, — Kg. 11 of this man- 
ual. Figs. 127, 128, 129. Disaster Sheet, Nevada. Con- 
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sult also Tooole Valluy sheet. L'i.ili (exercise 153-155»), 
and Granite Hiinge Sheet, Nevada. 

In Kg. 11 observe that the rocks aie represented aa 
stTatified. How mudi liave they been inelined from their 
originai position? Along how many planes ha ve tbey 
been fraetnred in the making of the uplift? Snch a dis- 
location is called a " fault." If the fault is large in 
amount — some huudrede or thousands of feet— mountain 
ridges may rosnlt. Such aro somethnes called block moun- 
tains, hecause consisting of bloeks of elevated and tilted 
strafa. Suppose we ha ve cross-seetions and profiLes of such 
niountairis in our figure? Are the slopes equal? Estimate 
the angles of slope on the two sides. Where will the waste 
frolli weathering accumulate? In the Great lìasiu would 
any of it go to the eea? Doos the figuri' show aceumula- 
tions of land waste? How many faults are shown in Fig. 
127? How much are the strafa tilted as comparai with 
thosc of the pri'vious diagram? Observe the bed num- 
bered 4 in each block. In wbich block is 4 the highest? 
What has happened to the strafa above 4 in block B? 
What sfrata bave been removed from block C and block 
D? Is the land waste shown iu this diagram? Which 
side of a tilted block have we in Fig. 128? Is there any 
waste at the foot of the cliff? Would you cali this an 
old or a young block mountain? Observe Fig. 129, but 
only such parts as lie between the Great Salt Lake and the 
Sierra Sevada. Here are the Basili Ranges. What is 
their general direction? Thcy ruark tlierefore the direc- 
tion of the great faults by which the mountains were pro- 
duced. The fiat belts between are areas of waste, in some 
placca accumulated in parts of a large. straggling lake, 
existing here when Lake Bonneville oecupied the Utah 
Valley. 

Study the Disaster Sheet. How many mountain 
ridges appear in the north part of the sheet? Compare 
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the aiopefi mi the opposta sides of the two easterty ranges 
along the parallcl 41° 4.5'. lìeekon tlie amount of slope 
per mile in each case. Make a profile aerosa the map 
along this parallel. Use the horizontal scale of the map, 
take sea levcl as a base-line, and sclect a suitable vertical 
scale. What indication does the drainage fumisti of the 
cimiate of the region ? Can you suggest any connection he- 
tween the existence of hot springs here and the mode of 
origìn of the mountain» ? Has the cliff north of Thacher 
Pass suifered mudi direction? What conclusions from 
this? 

1(17. Physiography of California (Fig. 129).— Observe 
the California-Ncvada houndary-iiiie. How many of the 
Basin Kanges cross this line into southern California? 
What is the direction of the Sierra N'evada Kange? Are 
its slopes equal? Which is the steep side? Jf tlie relief 
were shown by eoutours, how would the arrangement of 
linos differ oti the two sfdes? What valley lies west of 
the Sierras? How is it drained? See seetìon lil or any 
atlas for names of streams. What range lies between this 
valley and the sea? How does it compare in beìght with 
the Sierra Nevada? Does this map show tliat the Sierras 
are higher? From which rango do the rivers of the val- 
ley receive most of their water? How are tlie fiat lands 
of Iho valley formed? See eections 79 and 15(ì. What 
break in the Coast Kange? This is like the fiords of the 
New England coast. What is thiis suggested as to tliis 
coast region? Is there a eoastal plain hetween the Coast 
Hange and the sea? Would there he one if there should 
he an upward movement of the lands? 

In this connection refer to Gannctt's Phvsìographìc 
Types, folio ii, Alluvial Concs. Observe the locality 
eouth of the San Bernardino Moontains and east of Los 
Angeles. It is thus outsidt the grcat valley, but shows 
the sanie featurcs. These are — mountains whose torrente 
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form bromi, low alluvial plains; an arili cimiate, making 
the stream water* valuable for irrigation ; and dense popn- 
lation ; while the ncighboring mountains bear great foresti-, 
now tu a large degree liciti as forest rcservations. 

Adirondack Mountains.— Mount Marcy Sheet, New 
York. Describe the relief of the ragion. What is the 
altitude of the main valleys, as at Kcene Valley, Ausable 
Lakes, and South Meadow? Height of Mount Marcy? 
Of other summils? tìtudy the drainage in connection 
with a niap of New York, and show where tln.se head- 
waters belong. T)o the mountains and the drainage show 
any system, and ìf so, what? Jlake a traeing of the drain- 
age, and sketch in the lincs of water-parti ng. Estimate 
the averagc altitude of the quadrangle above the sea. 
Compare the altitudes of valleys and summit s with those 
of Colorado. What evidence that some of the lakes have 
been partly filled ? Have any lakos liecn compietela filled? 
What temls tn prcaerve the alopcB) and, fur the greater 
part, the tope of these mountain*, trota wnsting? Make 
a profile across the summit of Mount Marcy and the head 
of upper Ausable Lake, using horizonta] scale of the niap 
and vertical scale sliglitlv esaggerated, 1 inch = 500 feet. 
Where are the prineipal permanent settlements ? What 
must the human interest» of such a region he? What 
interest is prominent in the Roeky Mountains and nearly 
ahsent from the Adirondacks? Find North Elba. Some 
studente will he interested to know that this is the burial- 
plaee of John Brown. 

170. Appalacaian Folds. — Harrisburg Shoet, Penn- 
sylvania. Review Pine Grove Sheet, exercise 51. Before 
studying the Harrisburg area turn to Fig. 131. This is 
from the neighborìng State of Maryland, hut represents 
the eontinuation southward of the sanie kind of folding 
that has taken place about Harrisburg. Tlie different beds 
are not nuniuered, hut are shown by different signs. How 
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many up-folds are shown? How many down-folds? At 
what angle of inelination do you find the strata that havo 
been tiltecl most? The student should remember that 
beds are often tilte^ì more, even to the vertical, or over- 
thrown, and that ali thesu attitudea may he found in a 
single mountain runge. How rnany reinnants of the upper 
strata are found? How many of the seeond and third 
from the top? How mueh does Warrior Kidge rìse above 
sea-level? What was ita originai altitude aceording to the 
dìagram? What sort of beds would survive wasting and 
stand out in relief ? 

What is the eharaetcr of the surfaee hetween Harrìa- 
burg and Blue Mountain? What is the height of Blue 
Mountain east and west of the Susuuehanna Ttiver? What 
is the averago rise of its slopes in a ha'lf mile? What are 
the other mountain ridges of the aTea? What is their 
relation to eaeh other? How far apart are their creste? 
Observe Storie Gasa, ubout 3 miles frinii the Sasquehanna 
on Stony Creek. Make a profile aerosa the four ridges, 
using horizontal scale of the map and veriical scale, 
^ inch = 100 feet. How much vcrtical evaggeration 
does this involve? The ridges are determined hy resistant 
outerops of hard, thiek beds of Medina sandstone. 

Make a tracing of the drainage. Review exereise 51. 
This is an old region. Why are not the branches of the 
longitudinal streams, Fishing Creek, Stony Creek, etc, 
more developed ? On such short steep slopes eould any 
single tributary gather mueh witer? What water-gaps 
bave we here? Consult section 51 and Fig. 45. Note 
that the Delaware Water-Gap is cut through this same 
ridge far to the northeast. How wide is the gap at Fort 
Hunter? How deep? Make profile aeross it along the 
eregt of the ridge. 

On a general map look for other water-gaps hetween 
the Susuuehanna and the Deiaware. Harrisburg lies in 
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the " Appalachian Valley." Is the rogion about it thickly 
Bettled? What other important town* he W this vai lev 
in Pennsylvania. Maryland, and Virginia? (In the last 






- 






Fig. 12.— Knaterakill Clova. 

the valley has the nume tìhenandoali.) The rocks of thia 
valley are lirnestones anil shales. Wliat influente would 
this fact have on the soìls? What minerale are found in 
thia part of Pennsylvania, ineluding the mountain-lwlt? 
To what great city is the region tributar}'? What influ- 
ente have geographic fèaturee had upon the routes of 
trave] and commerce in tliiti region? 





MOUNTAINS AND PLATEAUS §5 

173(1. Allegheny Plateau.— Catski 11 and Kaaterskill 
Sheets, New York. Fig. 9 and Fig. 13 of this manual. 
Note scale in the sheets and in Fig. i). Observe in both 
the Catskill esearpment or great clifl l'aeing the river. 
Whith gives the most striking imprcssìon of the topog- 
raphy? Which gives the most accurate knowledge? How 
far is the esearpment from the Hudson River? How high 
is it? What is the character of the uplands on the west? 
Does a plateau neees.*arily have a smooth surface? What 
is the origin of Kaaterskill and Plaaterskill Cloves? 
Compare these as seen on the map in Fig. !) and in Fig. 
13 of this manual. The last is Kaaterskill Clove, often 
named from the village of Palenville. Is the elove stili 
growing in length? See Fig. 12. What is the position of 
the strata? Observe the head-waters of Sehoharie Creek, 
and trace their course to the sea on a map of New York. 
What is the character of the lowlands between the plateau 
and the river? Note in Fig. i) and on the map a succes- 
sion of ridges, or a broken ridge, about 3 mi Ics from the 
river. These are sometimes called the Little Mounteins. 
How high are they? They show trae Appalachian or 
folded atructure and are real moimtains, although so 
mudi lower than the Catskills, which, as we learn now, 
are not trac mountain?. Make a prolile shuwing plateau, 
esearpment, lowland, and river, gelee ting a siiitablc vcrti- 
cal scale. 

lT3b. Cumberland Plateau.— Chat te nooga Sheet, Ten- 
nessee. Suwannee. Cleveland, and lìinggolti Shseta mi iln- 
west, east, and south would he useful, also MeMinnville 
Sheet. Use the Chattanooga Sheet. What are the scale 
and con tour SnteTval? What is the altìtude of the valley 
along the Tennessee River? Study the esearpment ut the 
font of which nms the Cincinnati Southern Raiiroad, 
How high is it? What is the altìtude of the plateau to 
the west? To what extcut ìs the eliff broken by gorgesp 
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We have here the Cumberland plateau and the Cumber- 
land escarpment, corresponding to the Allegheny plateau 
and the Catskill "Mountain" front in the north. Wliat 
break in the plateau to the west? Is the plateau resinimi 
beyond this valley? What name is given to the narro w 
plateau belt hetween the Tennessee and the Seqiiatchie ? 
«serve that the Tennessee leaves the Appalaehian Valley 
at Chattanooga and enters a gorge in the plateau. 

Consult Fig. 133. What elevation is south of Chatta- 
nooga? How does this ehange going southward? Observe 
a valley west of it. It is the valley of Lookout Creek. 
Lookout Mountain is a spur of the great plateau of which 
Walden Ridge is also a part. In the plateau the rock- 
beds are horizontal. In the valley they are upturned. 
Compare Catskill plateau and the Little Mountain* to the 
eastward. lf you have the Cleveland Sheet, note the east- 
ern border of the valley along Beans Mountain. How 
is the Tennessee chiefly crossed? Some of these ferries, 
as Browivs and Kelly's west of Chattanooga, were of great 
importanee to the Federai arniy in the eivil war. Look- 
out Mountain, Missionari Kidge, and Chiekamauga are 
also famous in this connection. The great battle of 
Chiekamauga was not fought near the railway station of 
that name, but farther south and west. On the Kinggold 
Sheet the battle-lield can be located a short distance south- 
east of Rossville Gap. Are individuai houses located on 
this map? Would the scale make it praeticable? How 
are the towns located with reference to lowlands and up- 
lands? How are the towns along the Cincinnati South- 
ern Raih'oad located with reference to streams? Can you 
suggest a reason in this case ? What reasons for a city on 
the site of Chattanooga? What other important town in 
the great valley in the sanie State? What great southern 
eity to the southeast? In what directions from Chatta- 
nooga do geographie features admit of free c-onimunica- 



MOI'NTAINS AND PLATEAUS S7 

tion? The McMinnville Shcet can he atudied as a typical 
part of the plateau. Hecord altitudes, behavior of larger 
streams, the finger-like or branehing drainage at the 
northwest, etc. 

173r. The Plateau in West Virgìnia. — We have stud- 
ied it in the north and in the eouth, and we now take an 
intermediate locality. We have had a sample of it in 
Fig. 41 and in exereise 45—50. Examine the following 
sheets: Charleston, Kanawha Falla, Nicholas. Oceana, 
Raleigh, and Hinton. Record your observations on the 
altitude of the plateau, the depth of the Kanawha Val- 
ley and the uhief tributary valleys, and on the complete- 
ness of dissection. Wouhl talile-land serve for a synonym 
of plateau in this case? How are the railways and towns 
located ? 

Taking the entire plateau, from north to eouth, what 
States belong in part to it ? How does it vary in forni of 
surface? Wliat mountains lie to the east of it? (01> 
serve that the great valley which we have seen at the 
Catskills, at Harrisburg. and at Chatianouga is a part of 
the mountain country much reduced in leve!.) What 
great lowlands lie to the northwest of the plateau? 




CHAPTER IX 

VOLCANOES 

185. Mount Shasta. — Mount Shasta Sheet, Califor- 
nia (Fig. 144). Ilave at hand also Diller's Mount Shasta, 
No. 8, National Geographic Monographs, and Gannett's 
Physiographic Types, folio i, A Young Volcanic Moun- 
tain. Review the studv of the Shasta Sheet in exercise 13. 
There it was considerai mainly as a sample contoured 
map. Here we observe chiefly the features of the volcano. 
Head section 185. Why is Shasta a young volcanic moun- 
tain ? Has dissection or denudation of the sides and sum- 
mit made much progress? Are there lava streams which 
appear comparatively f resh and recent ? See Diller, pages 
245-250 and Fig. 5. Are any small cones preserved on 
the sides of the mountain? See map and Diller, pages 
250-253. Give the substance of Diller's notice of lava 
caverns, pages 254, 255. What zones of climate does 
Diller describe, pages 255-257? What effects upon 
topography and vegetation follow? See also pages 265- 
2(57. Give the number and size of the glaciers. Record 
what you can learn of the glaciers from the map alone, 
and then add any important facts from Diller. Why are 
the glaciers distributed as they are? ITow does this affect 
the distribution of surface streams? Account for sub- 
terranean drainage. Tura to Fig. 148. Which stage is 
more nearly represented by Shasta? 

180. Lava Sheets. — Belchertown, Northampton, and 
Springfield Sheets, Massachusetts. Fig. 13 of this man- 
88 
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ual. Record the sfóttute of the Connecticut Volley low- 
lands at Springfield, Holyoke, Northanipton, and South 
Hadley. Study the TIolyoke Range. In what direction 
does its southern portion extend? Its northern portion? 
How long is it as seen on thia map? Wliat are ita highest 
points and its average height? What streams pasa 
through it? Are there other low gaps? What use is 
made of these gaps? Which is the steepest side of the 
range at Mount Xorwattock? At Mount Holyoke? At 



Mount Tom? Northward from the Westfield River? 
The student will now rcmember that a véry steep slope 
or elirT can not he adetjuately shown by oontours, and 
may note that these western slopes aro often cliffs that 
approach the ver ti cai, so that the real contrast between 
the opposite aifìes of the ridge is mudi greater tlian 
appears. Consuit Fig. 13 of this manual. What does the 
lieavy black belt represent? Observe the dislocation or 
fault». To what angle ha ve the fault bloeks been tiltert? 
ffow mudi denuda tion has there been? What rock forme 
the mountain ridges or hills? The student should now 
show how the diagram reprcsents a suecession of sudi 
ridges as we liave opon the maps. Wberè, ou the map, fa 
shown the ontcropping edge òf the Holyoke lava sheet? 
Wliere fa the "dip" slope? What has become of the 
Khale.i and sandslones tiuit lay cast and west (or above 
and below) ? 

1800. Lava Slieets. — Tarrytown Sheet, New York ; 
also New York and vieinity. Special map, combàttei 
Bheeta (Figa, 150, IBI). Tate first Fig. 150. You are 
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looking Tip the Hudson, with tlxo Palisades on the west. 
What is the origli of the talus? Wliat sitare of the cliff 
does it hide? What is the appearance or strueture of the 
reeka in the cliffs? Ohserve the eolumnar effect in F\g. 
161. Simikr structure is found in the bluffa on the west 
side of the Holvoke Hange. On the special map of New 
York and vicinity ol morve the site of Yonkcrs. How does 
the land alanti ben? What ronditions do you find aerosa 
the river? Is the bluff shown only by contours? What 
part of it is shown in another way? What is this symbol 
called? See section 13. Why is it used here? Do the 
hat huics slum- you the beigli t of the Palisades? Can you 
finti this out from this map? How? How far south can 
you trace this din"? How far north? See Tarrytnwn 
Sheet. Does it ehangc direction at the north end? Is 
there any f nature lìke this in the Holvoke Range? How 
does the coutrast between apposite alopse here compare 
with tliat of the Holvoke Hange? What kind of ground 
lies «est of the Palisades Ridge in New Jersey? What 
market! gap in the ridge ? What advantage is taken of this ? 
How do the railways from the west reach the river side of 
the ridge? Tn which direction is the Palisades cliff re- 
treating? The Holyoke cliffs? What beoomes of the 
Palisades lava west of the eustern horder of the marshes 
in New Jersey? The student may note ridges of similar 
origin in the Watchung Moiintains near Grange, Mont- 
clair, and Paterson. 

190. Crater Lake.— Crater Lake, special map, Oregon, 
or, A Crater, in Gannett's Physìographic Types, folio ii. 
How deep? What is the altitude of its surface? Has it 
an outlet? How mach larger is its draìnage hasin than 
the surface of the late itself ? Describe the land surface 
adjacent to the lake. How high are the cliffs? Describe 
the slopes leadiag off from Mount Mazama. What are the 
height, forni, and position of Wizard Islasd? See map 



VOLCANOES 91 

and Fig. 10 in Gannett. What are the rock* atout Crater 
Lake? See section 190 and Gannett. If joa carry the 
slopes of Moli ri t Maziuna inwai'd and upward what would 
you have? See Fig. 153 and compare Fig. 153. Make a 
profile similar to that at the hottom of the map, and then 
by a dotted line complete the outline of the ancient vol- 
canie peak. If this werc eompleted, what other voLeanic 
peaka of Oregon and Washington would ifc resemble? 
Observe the gorges south of the lake, as seen in Fig. 152 
and mi the map. Where do they head ? t.'ould thov bave 
been cut out like this wìth the lake basin as it is? The 
slopes outside of the rim are glaciateiì, but not the elìffa 
about the lake. t.'ould this eondition bave come about 
with the mountain as it is? What is the aecepted theory of 
the origin of this lake basin? See section 190 and 
Gannett. 



CIIAPTERS X AND XI 

THE ATMOSPHERE 

Observation of Weather Conditions without Instru- 
ments. — The directions given to students must bere be 
somewhat general, dependent on the teacher's pian of 
work. If the course in geography runs through the school 
year, the chapters on the atmosphere may be reached in 
February or March. But simple observations like those 
of tbis section may well be assigned early in the year, as 
for a single month, perhaps October, in the autumn. The 
studente record may for convenience be made at some, 
stated hour of the school period in each day. It would 
then reach back to the same hour of the day before. A 
better pian, if the necessary attention can be given, is that 
the student's record be made at home in the early evening, 
after sundown, covering the weather conditions of the 
same day only. If this work be supplemented by a few 
moments of questioning in the class once or twice a week 
much progress will be made before the more systematic 
study, with instruments, is begun. 

The body may be regarded as a kind of thermometer 
(section 207), but it gives us no figures. We know the 
temperature in a general way by our feelings. The ques- 
tions that follow relate, of course, to out-of-door condi- 
tions. At the time of vour record, does the air seem to 
you hot or cold? (If after sundown, it would rarely be 
the former.) If neither, is it warm or cool? Are you 
chilly or just comfortable in your ordinary clothing? 
92 
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Have you macie any change in the weight, or, as you t-ay, 
the warmth of your elothing dnring the day? Uovi doee 
added elothing keep you from being cold? How did the 
air feel, as regards warmth, after breakfast? At noon? 
At two o'elock? What conili t ione of the air would affeet 
your sensations of heat and cold? What would be your 
sensations if the wind were blowing on a warm day? On 
a cold day? Would the same effect be produced if you 
were ridìng in an open earriage? Why would a strong 
wind be moro ehilling than a breezo? Is there any other 
condition of the atmosphere bosides its attuai tempera- 
ture that atfeets our feelings of heat and cold? What is 
it in the atmosphere that makes us cali a hot day " sul- 
try"? Why do we say some cold days are unusually 
"chilly" or "frosty"? The teehnical word bere is 
" humidity," and fuller study will he given in sections 
199, 200. A resident of Roanoke, Va., recently told the 
writer that he had suffercd more koonly there at a tem- 
perature of 10" above zero than he had from very low 
temperaturus when living in lowa. What could make the 
difference ? 

Construct a table in your note-book for a record of 
temperature. It may be as follows: 



M» 


Mommi. 


Midriay. 


LvìtlìiiE' 


««». 


Ort. 1 
Ort. 2 

Ort. 3 

Ort. 4 


Cold 


Warm 
Cool 


Chilly 
Cold 


Bflgas to he clnuilv lilxmt 3 P.M . 
Si nini; nortli nini! nll the after- 
noon. Clear sky. 



The above is suggested for a single record to he made 
from memory at evening. If the student will undertake 
more precise work the record will be improved by substi- 
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tuting 7 or H a. m. and 2 and 8 or 9 p. M. for the more 
vague " morning," etc. But this is really importati only 
for instrumentai olwrvations. As we already see, tem- 
perature is only one of the weather conditions of which 
our bodies givo us knowledge. In our brìef record ahove, 
for example, winds and eloudiness are noticed. Let the 
student take jip these further conditions in a simple man- 
ner. Have there heen winds? Were they light or strong? 
warm or cold? and what was the direction froiu which 
they carne? Was there raìn, snow, or hail diiring the 
day or during the pienoni night? How long did the rain 
or snow continue, and did mueh or little fall? Was any 
part of the day cloudy, and ìf so, were the clouds dense 
and appearing everywhere or was the day only partly 
cloudy? Record the more importali t of these faets under 
" remarks." You are thus to give in your table siich a 
short, simple history of the day's weather as you can put 
down in five or ten minutee, as the weather haa seemed to 
you, without referenee to a thermometer or any other 
appara tus. 

The temperature, the winds, the clouds, and other ele- 
ments which make up weather and climate will be given 
more full and exaet study as- we come to them in later 
sections. But the habìt of seeing and remembering can 
be fosteTed herc. Under the head of remarks, any one 
day may be compared with some prevìous day of the 
record, as to its temperature, ìts rainfall, or the condition 
of the sky. And it would bc well at the end of the month 
to give a summary or general account of the weather dur- 
ing the month. 

It would be usefnl for the student to accompany sudi 
a serìes of observations by the preparation of a simple 
essay npon man's dependenec upou weather conditions and 
weather changes. Not m iteli time should be given to it, 
but an hour may be set asidc in which the student may 
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recali and put in order the shnple faets already known lo 
liim. The followiag questiona will aid in doing this: 

What ineonvenience would the farmer in the North- 
ern States Buffer if rains and coki weather prevailed until 
the lst of May? Why would this be preferablc tu an 
" early " spring followed by f rosta in May or June ? Why 
would prolnnged drought in May and June he more dis- 
astrous than the sanie conditions in midsummer ? In 
what part of the summer would eontìnued Tains he harra- 
ful? What weather conditions are «ostile to traffic on 
rural highways? In what ways is railway transportation 
endangered by prolonged rains? Are flood* more danger- 
ous to railways in a warni or in a coki stimate or season? 
What losses are likely to result from a delay of one or 
more days in the forwanling of railway traine? What 
weather conditions are least favorahle to lake and sca 
trarrle? Give reasons why eontinuous rains would embar- 
rass th« movement of armies. Give your opinion of vari- 
ous weather conditions upon health. (This is a somewhat 
technical and difficuìt thetne. It is on!y expeeted that the 
student's attention will be fixed and that such impressions 
as he may have will beccale the occasion of discussions. 
Thus he wil! have bis impresimi of the effect on health 
of a severe winter, of the changeable weather of a North- 
ern " open " winter, of a dry climate, ete.) 

19». Hnmidity.— Urvirw the section carefully. Ob- 
serve that air at any gìven temperature ean hold a certain 
amount of water vapor. If you raise the temperature it 
will hold a larger amount of water. Whenever a body of air 
has ali it ean hohl at the given temperature, we say it is 
" saturated," and we cali the amount of water presesi the 
absolute humidiig. Rnt suppose the air has only one- 
third the water vapor it would hold at its preseti t trm- 
perature, we then speak of its relative humidity as 33$ 
per cent— that is, the ratio between its contente and its 
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capaeity.* This is the important l'act about the nioisturc 
of the air in our study of weather and cimiate, and the 
student attoniti master the idea. 

How relative humidity ia determìred. Two thcrmomc- 
ters are used; orio the ordinary instrument, and the other, 
one whoae bulli is wrapped in musini, whieh ia kept wet 
from a receptaele eontaining water by an arrangement sim- 
ilar to a lamp-wick. Theae instruments aie exposcd in 
the sanie place, and are known as wet-nulb and dry-bulb 
1 bornio mei ers. Water evaporating from a surfacc always 
takes awuy beat, aa when the body drics without rubbing 
aftet a bath. Thns the evaporafion going on from the sur- 
faee of the wet niuslin eools the bnlb, and the instrument 
marka a lower temperature than the other. If now the 
air has mach lesa molature than it will hold, it will aet like 
a dry spenge, and tbe evsiporation and eonser|iient eooling 
of the wet bulh will be large. Tf the air, on the other 
hand. is alinosi Saturateci, it will act like a wet spenge, 
and the evaporation and cooling in caae of the wet hulb 
will bo slight. The amount of cooling, or the difference 
between the readings of the wet-hulb and dry-bulb tber- 
mometers, beco me* therefore a measure of the moisture in 
the air. Physìeists bave thus been alile to construet tables 
whieh will teli the relative humidity for any given tem- 
perature of the air, when the difference of the readings 
descrihed almve is known. Snob tahles are in nse every- 
where by students of meteorology. An abbreviated table 
Bufficiont for our study is given on the next page. Fot full 
tahles refer to Ward's Practieal Exereises in Elementary 
Meteorology, pagea 146-1(55. 



*It ia wull to obscrve tbat strk'tly il i 
whieb liolds or coqUìus the water vapor. 
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TABLE FOR DEW-POINT AND RELATIVE IIUMIDITY. 
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Observe that the figures at the top give the temperature 
as shown by the dry-bulb thermometer — that is, the actual 
temperature. The differeneo in the two readings appears 
in the Uft-haniì colamn. Suppose you fini] the differeaee 
6° and the temperature is 10°. The relative humidity ìs 
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therefore 72— that is, the air has 73 per cent, or not quite 
fhrec-fourths of the moisture which it will hold. In 
this case the relative humidity is hi^h. 

But suppose now the difference in readings is 20°. 
Thìs means that much evaporation is taking place and 
imich eooling. Let the dry-bulb reading be 70°, as before. 
Now our relative humidity is only 19 — that is, the air 
holds Iess than one-fifth of the montare for which it has 
capaci tv. 

The two thermometcrs are «fieri mounted together and 
constitute the instrument knowu as the psyehrometer, a 
tneasurcr of vapor. As directed above, use the psyehro- 
meter and the table in finding the relative humidity for a 
series of days, and record it in your note-book. 

Also make a series of observations in one day, choosing 
a day when variations of temperature from morning until 
midday and from inidday lo evenìng are considerable. 
What variations in relative humidity bava oecuired during 
the day? Has there been nccessarily any change in the 
aetual amount of rnoisture (absolute humidity) ? If the 
amount of moisture was Constant or nearly so, why did 
the air feci much more damp after sundown than at two 
in the afternoon? Dr. Hann, a German meteore! ogist, 
cites a relative humidity of 9 per cent ahout the middle 
of August in the heart of the Libyan deaeri But be adds 
that the amount of vapor in the air was equal to that of 
the damp winter air of Western Europe, which shows a 
relative humidity of 80-90 per cent. Explain this. In 
wbat senso is the same air with the sanie amount of water 
vapor dry at one time and wet at another? In connec- 
tion with your answer, we may quote again from Dr. 
Hann, who says that the Libyan desert eonditions repre- 
sent. "typical desert dryness, in which finger nails split 
and the skin peels off." * Why in the old days were apples 

* Hnndbook of Clìiiiatulu^y . tranciateli liy Ward, p. 51. 
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quartered, strnng, and hung above the stove? la the 
principle diffcrent from that of modem evaporation 
processes? Hops are dried in an upper ehamber on a 
canvassed open rloor above a fumate. Why is a ventilator 
alwaya placed at the top of the kiln? Why do the elothee 
011 the line dry hetter on some freezing days tlian on some 
«arni days? 

In Vienna the average relative humidity in Jonuary 
for twenty years was as iollmvs: 

6 a. m. 2 p. m. 10 F. M. 

87 77 86 

The average for corre*] wiiding hours in July was — 

75 48 ' 70 

The actual amount of water in the air (absolute humid- 
ity) was three tiines as great in July as in January. Ex- 
plain the low relative humidity at 2 P. M. in July, and 
the similar relative Inimidities of 6 a. M. in the different 

raonthfi. 

ano. Dew and Frost. — Read the section and fix the 
principia on whieh the gathering of the dew depends. It 
will thus he plain that the dew-point may be reached in 
two ways: by inereasing the humidity, the temperature 
remaining the same; or by lowering the temperature, the 
humidity remaining the eame. 

Seleet any cold wìnter day. Fili a k etile wìth water 
and boi! it until it steams freely for some time. A mist 
gathers on the window-pane (if very eold, a frost). 
Whieh mcthod of dew formation does this illustrate? Why 
is the dew likely to gather on a stili, clenr night after a 
rain? Does the above experìment teli voti the tempera- 
ture at whieh the dew-point is reached ? 

Pour a sniall quantity of water at an ordìnary tem- 
perature iato a tìn basin or cup. Add iee-water or small 
pieees of ice and stir with a thermometer. What ehange 
after a time takes place on the outside of the cup? When 
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this happens read the thermometer. It give the tempera- 
ture of the water. But the water has given its own tem- 
perature to a film of air close to the cup. At this tem- 
perature the air has given up some of its moisture — that 
is, dew has formed. You have the temperature of dew 
formation for that particular mass of air, or the dew- 
point. Thus we have illustrated the second method of 
dew formation given above. 

We need not actually create dew in order to learn the 
dew-point at any particular time and place. Dew is 
formed when the relative humidity becomes 100 per cent, 
or when the air is saturated. Physicists can determine the 
temperature at which this takes place if they know their 
relative humidity. Consult the dew-point table. Suppose 
that the temperature is 70° and the difference be- 
tween wet and dry bulb readings is 6°. The table gives 
the dew-point as 61°. Determine the dew-point for the 
same time and place by each of the methods outlined and 
see if the results tally. 

If the temperature of the saturated air falls below 32° 
F. a " white frost " appears instead of dew. Why is this 
more abundant in spring and autumn than in winter? 
Does the white frost or the loto temperature harm vege- 
tati on ? Why is frost not to be expected in a cloudy night 
in spring or autumn? Why would a smudge be effective 
beyond the reach of the heat-rays f rom the fire ? Tn what 
way, precisely, does the covering of flowers or vegetables 
protect them from late or early frosts? 

Answcr if you can such quostions as these: Why are 
frosts less likely to occur just after a rain? Why are 
frosts common on low ground, while slopes or hilltops 
may escape? Why is there less danger of frosts when the 
night is cloudy? If you have not thought of these ques- 
tiona, it would be well to not ice and record the exact con- 
ditions of the soil, of the wind, of the sky, and of the 
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topography in case of the spring and autunni frosts. If 
yen can not think out satisfactory anatrerà to the ques- 
tions given above, seek theni from reading and in the dis- 
cussions of the class-room. 

The Weather Bureau makes much of frost warnings, 
which have had great value in leading to the proteetiou 
of fruit and other crops, as in California, where frosts 
are said to be the severcst enemy of crops, cxcepting the 
iiiseet pests. Thus March and Aprii frosts injuro almonds, 
apricots, peaehes, grapes, and pruncs, and the eitrus fruits 
are damaged hy frosts in Deccmhcr, Januarj', ,and Feb- 
ruary. Various methods of prò toc t ion are employed, sudi as 
screens of cloth or laths. But this is impracti cubie to any 
large extent, and 'otiier means are used, as irrigation, before 
a frost is expected, smini gè fires with damp funi, plants for 
evaporating water in the fields, or direct warming of the 
air. The student shouhl seek to cxplain why each of these 
methods may be etfective. 

2(11. Clouds and Fog.— The student sliould study first 
the "state cf the sky." Some other exprcssion might be 
used, but this is connnonly employcd, of the conditions of 
the sky as regardB elouds and sunlight. Look carefully 
around the horizon and up to the zenith and estimate the 
proportion of the espanse covercd hy clouds. Your es- 
timate will he rough, but you can, by practice, come dose 
to the trulli. If thcre are no clouds, you will of eour.se 
record the sky as clear. If tliere are clouds, covering lcss 
than f s of the espanse, the sunlight will stili prevali, and 
you will cali the sky clear. If more than j^, but lcss 
tlian T V are ciondoli, you will place fair in the record. It 
is not strictly true, but this technical Benne is given the 
word, so that we may bave laiiguago apon which ali stu- 
dents may agree, and thus be able to understand each 
other. U more than W of the sky is eovered, you will 
record it as cloudij. Continue your record for a month 
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and then summarize, recording respectivcly the nuraher 
of elear, fair, and cloudy days. 

The elassification of clouds. As ihe atmosphcre is a 
great ocean of gases, with more or less water vapor in an 
invisible or visible state, we should expect to iind it in a 
tondi tion of ehange, and clouds in many forms wìll appear 
and disappear, at high levels and low, over ever shifting 
areas. These changes will depend on the temperature of 
the surface, on winds and up-drafts, on relations of land 
and sea, and on the forma of the land. The resulting 
tdoud forms are many, and they constanti)' cbange and 
grade into eaeh other. Of the many types recognized, 
the student should learn at least three or four of the 
more dìstinet and common. Begin by referring to Fig. 
157. What is the name of these clouds? How are 
they described on page 230? Are they high or low clouds? 
If no sudi clouds are now visible, wateh for them and 
describe their appearance as fullv aa you can. If you 
bave access to Illustrative Cloud Forms, published by 
the TTnited States Hydrog rapide Office, study piate i and 
the accora pa mi ng dcfinition. Consoli the (A-nturv, 
Standard, or other dietìonary for the meaning of the word 
eirrus. In the sarae way look for cumulila and stratus. 

What clouds are shown in Fig. 158? Do you recali 
the mountaiiiotis appearance of " tbunder-heads " seen in 
tlmnder-stonns? llave you seen some clouds to whieh the 
terra cumulus appliea more exactly thnn ìt applies to Fig. 
158? What is the differenee hetwecn the clouds of Fig. 
158 and Fig. 159 ? Compare Illustrative Cloud Forms, 
piate viii. What do you thìnk of the terra " wool-pack," 
as apulied to curaulns clouds? See also piate xiii. 

Have you observed clouds in narrow, l.orizontal bars, 
and lying low in the sky? These are esamplcs of stratus. 
When surrounded by fog, you are simply in the midst of 
a stratus cloud which rests on the carth's surface? Ob- 
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serve riow that cirrus is a high cloud, that eumulus may 
be high or low, wbile stratus ineludiiig fogs is low. You 
will often be unable to place clouds under one of the above 
heads: Cirrus clouds may have somewhat the appearance 
of stratus— mackerel sky — or eumulus (Illustrative Cloud 
forms, platea ii and ili), and eumulus ruay resemble 
stratus (Illustrative Cloud Forms, piate vi). If you 
can not classify, dcscribe the forms as they appear to you. 
liemembering that cirrus clouds average sevcral miles in 
altitude, can you ex'plain the fact that they consist of 
email ice erystals!' Which of the eloud-fornis above stud- 
ied could be formed by up-drafts of cooling and eondens- 
ing air? AVliat sometimes resulta from the formatìon. of 
sudi clouds? See eeetion 227. Suppose the air elose to 
the earth cools by radiatimi during the night below the 
dew-pohit; what kind of a cloud will be present ìn the 
morning? 

Observe ehanges in the forni or position of the clouds, 
Do any elouds appear to be nioving under the influence of 
wìuds? If so, in wliat direction? Do you notiee inove- 
nient in high clouds, wlien no wind is hlowing where you 
are? Do the elouds seem to he changìng forni without 
moving from one position to anotber? Can a cloud change 
ita position without motion of ite constituent partìeles of 
water? How could this happen? Could a cloud remain 
stationary while its particles were changing? The cloud 
banner stretcliing in the direction of the wind from the 
Matterborn and other lofty peaks is an cxample. 

Record llic history of any particulnr day as regards 
cliiiidinr.-.-;. If Ihe day begins elear and beeiimea partially 
or whollv clmidy, olisene and record the succession of 
f'>i-iHs. the nife at which they devetoped, the miarter of 
the àsj where they began. ObaarVe any connection that 
the cloud history of the day appears to have with its 
triodi, il* Hianges of temperature, its rain- or snow-fall, 
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202. Rain and Show. — These helong under the general 
head of Preci pitulìan, which also ineludes hail and even 
dew. The total amoimt of the latter two ia so slight as to 
lie neglected in ordinar)* measurements. Eecord the char- 
acter and the ehanges of any single rain-storm. Doea it 
hegin suddenly or graduali)*? What are the attendant con- 
ditions of cloud and wind? How long does it last? How 
mneh water falls? To answer the last cjuestion a rain- 
gnge is necessary. Any vessel with vertieal sides would 
serve for a few observations. It should be placed where 
the fall of rain is unobstrueted by bnildings or other 
objeets. Measure the depth with a ruler. The fall is 
often so slight as to inake accurate resulta impossible, 
hence the rain-gage as used by weather observers is so 
made tliat the water as it falls is concentrated in a cyl- 
inder of smaller CTOss-seotion than thnt into which it first 
falls, and is thus beo times rieeper than thi: la ver of water 
would be if it reniained upread out on a level surface. 
The nieasuring rule is so graduatcd as to compensate for 
this and enable the observer to read off at once the inches 
and hundredths of an inch. Snow falling into the reeep- 
tacle ie first melted and then gaged in the ordinar*,' way. 
When snows fall witliout wind upon a smooth field the 
thiekness may be measured and rceorded as 1 inch (water) 
for each 10 inches of snow. Melt snows from different 
falls and see how neariy tliis rule approaehes to accuracy. 
If you have carried on this observation for a monti], give a 
general account of the precipitatici] for the perìod. How 
many rain- or snow-storms ? In how many was the amount 
lesa than & inch? Between 1 inch and ^ inch? More 
than 1 inch? Russell states that most raìnfalls do not 
amount to more than 0.5 of an inch; that falls of 1 inch 
are common, while greater falls are less frecpient. The 
extreme record in the United States for twelve years gives 
25.3 inebe» in one perìod of twenty-four hours, June 



THE ATMOSPHEHE 105 

15-16, 188(>, at Alexandria, La. Brasali gives a few stili 
more surprising reeords for India, France, and Italy.* 

803. Rainfall.— Refer to Fig. 1(50. What symbol is 
uscì for areas having over 00 inches of rainfall ? For 
areas having 30 to 40 inches? 5 to 10 inches? Jn general, 
how many areas of large rainfall in the "United States? 
Where are the)', and what States are laTgely included ? 
JIow many areas bave over CO inehes? Where is the most 
westerly of these? Where is the most southerly? De- 
scrìbe the estent and form of the large area which lies 
hut partly in Florida. What other areas in the Eastern 
United States? Nanie the three States which share in 
one of these. Records for two years at Horse Cove, 
North Carolina, in this area, give 93.33 inches of annual 
rainfall. Describe the western area, giving the States 
in which ìt lies? Ohserve a anali area of this shade in Cali- 
fornia. Is the land at that point high or low? How 
many of the ragiona of moro tlian liO inehes of rainfall 
are on the sea-border? Has the sea any iuiportant effect 
nn the others? The highest rainfall in the United States is 
in Washington. At Neah Bay in that State records of 
eight years show 108 inches annual averagc, with maxi- 
mum of 130 inches in 1879. How does this compare with 
the delta ragion of the Ganges? (See page 235.) What 
is the rainfall of the Northeastern States? Does the great 
helt of 30 to 40 inches touch the Atlantic? The (iulf? 
What is the general direction of its western honndary? 
The extent (in length), the width, and direction of the 
belt of 20 to 30 inches? What States are crossed by it? 
Is any State nearly covered by it? What can you say of 
the agricolture of the 30- to 40-inch helt? la irrigation 
necessary in the 20- to 30-inch belt? 

Where is the greatest cast and west extcnsion of the 
10- to 20-inch belt? The greatest north and south exten- 

* Met*'onil<'<.'\ . Tlnniiii- Uiihsh'I], p. !I3. 
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pimi ? Where do you find islands of greater rainfall in this 
belt? What is the cause of them? Is irrigation always 
needed in the 10- to 20-inch helt? Is it common? De- 
seribe the areas of less than 10 inches. Have any less 
than 5 inches? Below what standard of rainfall do we 
apply the terni " arid " ? What is the general explanation 
of the north and south wet and dry belts in the Western 
United States? What is the rainfall of eastern Washing- 
ton and Oregon? Observe that these States have heavy 
rainfall and heavy frosts in the west, and much necessity 
for irrigation in the east. Oregon averages 44 inches and 
Washington 3!).S inches. This is not very different from 
lVnns vi vania. Let the student remember that these are 

* 

averages for whole States, and also consider the extremes 
in both cases, and the important effects on agriculture. 

Rainfall of California. — See Fig. 14 of this manual. 
Review what you have learned of the topography of Cali- 
fornia. See relief map, Fig. 121). What is the highest 
])i'ecipitation shown in the rainfall map? What is the 
svnibol used ? llow far does it follow the shore-line? 
How far does it appear along the Sierras? Describe the 
30- to 40-inch belt in relation to the Great Central Val- 
lev and the mountain ranges of the State. Would the 
20- to 30-inch belt and the 10- to 20-inch belt appear in 
like manner continuous if a rainfall map of N'evada were 
snpplied? What is the rainfall at San Francisco? How 
far does this range of precipitation extend along the 
shore-line as seen in this map? How do the northern and 
southern parts of the centrai valley compare in precipita- 
tion? What terni should be applied to the southern area? 
Why do we find a wet belt followed by a dry belt twice as we 
cross the State to the east? Why do we find the State 
progressi vely more arid as we go south ward ? The stu- 
dent should note that in southern California, in the Colo- 
rado desert, are places where the annual rainfall is but 2 
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inches, or eveii less. On the other hand, the helt having 
moro than 40 indica is very iinpcrfectly shown on the map, 




Fio. 14.— Raìiifull map of California. 

for withìn it aro points avoraging 75 inches, and individ- 
uai yoar record» showing 113, 111, 119, and 121 inches. 
Write a single pnragrapli, stating the influente of the 
ocean and of the topographv db the rainfall of the State. 
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207. Measurement of Temperature. — The principle of 
the thermometer should be mastered from section 207 and 
the work of the class-room. It would be useful to begin 
work in your note-book with a caref ul drawing of the in- 
strument which you are to use. Your thermometer should 
be hung in the shade, on the north side of the house, or 
under a cover at a short distance from any building. It 
should be kept dry, and should not be handled while read- 
ing the temperature. State the reason for each of these 
precautions. 

Most persons read the thermometer because of inter- 
est in very low or very high temperatures, or to see 
whether a f rost is probable. But the student of the atmos- 
phere has a broader purpose — namely, to learn the his- 
tory of the temperature, through a day, through a suc- 
cession of days, through several seasons, and for a period 
of years. He will thus learn the average or meati tem- 
perature of the locality and the range of its upward and 
downward extremes. Could you gain this knowledge by 
reading your thermometer but once in each day? Why? 
Select three hours : 7 a. m. (if this is too early, adopt 8 
a. m., but the former is better) ; 2 p. m. and 9 or 10 p. m. 
Observe that vou bave two hours which are neither the 
hottest nor the coldest of the twenty-four-hour period, and 
one, 2 p. m., which is the warmest time (usually) of the 
day. Why at 2 p. m. rather than at noon ? Experience 
shows that by adding the three records and dividing by 
three we get with fair accuracy the mean temperature. A 
closer approach to the true mean is obtained by using the 
f ollowing rule : Add the 7 a. m., the 2 p. m., and twice the 9 
p. M. temperature and divide by 4. With coordinate paper 
make a graphic record, like that in Fig. 166, continuing 
for at least one full month. Add the averages for ali the 
days and divide by the number of days in the month. 
What is the resulting figure? Which was the warmest 
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day ? The coldest ? Duscribc the " curve " of tempera- 
ture. If your record eontìnues two or three inonths eom- 
pare the avoragos and the extremes. If you were to con- 
tinue the record l'or twelve months, how would you get the 
mean temperature for the ycar? Could you get the mean 
temperature tur a month if your oliservation was confmed 
to sehool hours? Could you get the mean temperature for 
a year if you made a record only during the months of 

Many thermoineters, especiaHy the cheaper ones, do 
not give true readings. They may he nearly eorreet for 
ordinary temperatures, hut much in error for extremes. 
The student may test the freezing-point of an instrument 
by mixing water and crushed ice and immersing it in the 
water thus brought to the freezing-point. Similar testa 
may be made of the boiling-poìnt, observing the precau- 
tiou that if the tube is too short the mercury will burst 
it by espandili^ with the beat. It ia a useful exercise to 
test diffcront parts of a room for temperature, as ncar the 
floor and ceiling, or against an outsìdc as eompared with 
au inside Wall. 

Keview the raeaning of conduction and radiation as 
given in section 209. We may also note another way of 
warming or coolìng: wlien warming or cooling is accom- 
plished by aetnal circulation or movement of air from 
ono position to another, the process is called convection, 
which means earrying. We use varìous means to increase 
ihe warmth of our houses in winter, among theni being 
storm-doors, extra Windows, dampers in fireplaee chiru- 
neys, paper linings in the walls, packed flnors, and wind 
breaks. What pfOceea of losing beat is eheckcd in each of 
these cases? The answer cac not be exaet in ali cases, 
as in that of a wall through which loss occurs both by 
eoniluetion and radiation. 

2ù7a. To Convert Centigrade Degrees to the Fahren- 



no 



MANUAL OF PHYSICAL GEOGHAPHY 



hcit Scale. — Multiply by 1.8 and acid 32. To change 
Fahrenheit to Centigrade, therefore, subtract 32 and divide 
by 1.8. 

At Yarmouth, on the east coast of England, the mean 
temperature for January is 2.9° C. ; and for July, 15.9°. 
What is the temperature by the Fahrenheit seale? Com- 
pare the resulta with the isotherms crossing Great Britain, 
as seen on the maps, Figs. 170 and 171. What is the dif- 
ference between the January and July temperatures, 
Fahrenheit? At Halifax, Nova Seotia, the January mean 
is —5.5° C. and the July mean is 17.7° C. How does 
the difference or " range " compare with that of Yar- 
mouth, England? 

The mean January and July temperatures of Chicago 
from 1881 to 1890 are given (Fahrenheit) in the follow- 
ing table. The January mean for Vienna is — 1.5° C. 
and the July mean is 19.8° C. Compare the annual range 
of the two cities, using the mean for ten years in Chicago. 



1881 



January* 



19 5 deg. 



1882 28.3deg. 

1883 16.3deg. 

1884 1 19 .2 deg. 

1 885 18.3 deg. 

1886 1 21 .4 deg. 

1887 17. 3 deg. 



15.1 deg. 
29.0 deg. 
1890 ! 30 .8 deg. 



1888. 
1889. 



July. 



72.9 deg. 
68.6 deg. 
71.0 deg. 
69.2 deg. 
72.8 deg. 

71. 4 deg. 

76 . deg. 
72.6 deg. 

70.5 deg. 

72.1 deg. 



216. Temperature Maps — Isotherms. — Keview section 
216 and give further study to Fig. 169. What is the tem- 
perature of Denver? Lincoln? Philadelphia ? and Indian- 
apolis? What places bave temperatures between 10° and 
20°? Between —10° and —20°? Why do the isotherms 
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bend soulhward in Montana, Wyoming and Colorado? 
Why do they bend northward in the Upper Mississippi 
Valley? Wliy shouki Xew England be tranne! tfaan 
iiortheru ami western New York? What share of the 
Uniteci States (l.iy estimate) hai! temperature ;ilmvc the 
freexing-point ? lt' some territori along toc Pacific eoaet 
(the linea not being bere shown) was above freezing, eould 
the area bara been laTge? Why not? If an isothermal fot 
•i'ì° limi been drawn, near what cities would it probably 
appear? What general effeot is produced by the ooean 
Water» on the cast, south, and north? Nanie ali the im- 
portimi inilueuees whieh control the distri lui tìim of tem- 
perature, as suggtsted to you hy the stuily of this map. 

216a. Isothenns for January and July. — Figa, ITO 
and 171. Take first the January map. Descrive froni 
west to cast the course of the beat equator. Why is it so 
generali? south of the equatoriai line? Why la it norlh 
of tliis line in the raistern Pacific Oceani Why on the 
eoast of Uuinea in West Africa? Dora the beat equatot 
approach the Equator at any other point? Observe the 
areas having a temperature of 80° or more. Do they forni 
a l'ontinuous lielt around the globe? Why do the beat 
equator and the isothermals of 70° and 60° bend so far 
south npon cross mg the western sbore-line of South 
Ami'TÌi-ii ? Is the paaaftge from oeean to the land enough 
to explam it? Compare the course of the same lines as 
they pass from the Atlantic to the cast coast of the same 
continent. Whcre, on the waters, are the ìsothernials 
most ncarly straiglit? Why? Where on the landa? 
Why? Stmly t)ic isothermal of 30° in the northern hemì- 
sphera Deecribe'Jts course from west to cast. What 
States in the Kastern United States have the sanie Janu- 
ary temperatures as southern Alaska and the Aleutian 
Islands? In about what lati tude is the most eoutherly posi- 
tion of this isothermal? What ifl its most northern point? 
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How does the temperature in the Black Bea region com- 
pare with that of western Scandinavia? What causes the 
olùef curvature of the linea in the United States? 

Taking the map for July, trace the heat equator from 
west to cast. Does it anywhere run south of the Equator? 
Why is the heat equator not pushed southward in July 
as cifectively as it is pushed northward in January? 
Whero, in the equatori al region, is therc a grcat hreak 
in the beli of 80° or more? Wherc is the 80° belt vcry 
narrow, and why? Why do the isothurnials of July bend 
so far northward in North America? Why do they rnn 
so directly aerosa the North Atlantic as compared with 
their course in January? 

Let the student also examine the isothermals for the 
year, Fig. 173. Trace the heat equator from west to east. 
Why docs it average about 10° north of the geographic 
equator? Compare the isotherm of 40° with thoee of 
January and July, ali in the nortliern linnisphere. 

8166. The Haking of a Temperature Map.— The fol- 
lowing tahle gives data for a complete weather map of the 
United States: 

DATA FOR WEATHER MAP OF THE UNITED STATES, 
FOR 8 A. M. (EASTERN TIME), MARCH 1, 1902. 




"SE* 


Taiu- 


w™. 


fourhour» 

Trare 

.10 

.56 

.52 

.64 
2.12 
1.72 

.60 




hour. 


Direo- 


Atlo'dte Caast Siale* 
nini SI. Lawrence Vallei/ 

Sydney, C. B. I 

i'ather Point, Quebec. . 


30.20 

29.50 
29.36 
29. fi6 
29. 48 
29.52 
29.62 
29.74 


32 
36 
40 
44 

44 
42 
48 
46 


S 
16 
24 
34 
12 
20 
16 
20 


s. 
a. e. 

N. E. 

s. 

N. 

s. 

S.W. 

s. 


Nort.lifipld.Vt 




1 
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Bloch («land, R. I. 

Uliauv. N. Y 

New York. N.Y 


29.70 
29.52 
29.58 
20.64 


l'liilr..| l -l|>1lUl,Pa 

Atlantic City. N.J 


29.64 
29,72 


WiisliiiiKlon. O.C 

LviiHiliiirK, Va 


29.(10 
29.62 


(ImriotUt.N.C 


21). W 


Wiìrtiin-ron.N.C 

CliiLrlcwUin.S.C 


29.80 
29.78 
29.76 




29.72 
29.74 


Key West, Fin 

Culi Siate» 


29.80 
















29. HO 


Vickslmrg, Miss 

Fort Smith, Ark 

Liuti! Iti.ck, Ark 

l'iilcstine, Texas 

(ialvcston, Texas 


29.50 
29. 56 
29.52 
29.50 
29.48 
29.58 
29.52 


Sun Antonio, Tpxaa 

Corpus l 'liristi, Ti'Xiis.. 

Ohio Vnìlf.y and 

Tenntxsec 

Mi>ui|iliis. Tenti 

Knox ville, Telili 


29. IN 
29.61 

29.48 
29.-50 
29.56 
29.54 
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l.imisville. Ky 

Kvwnsville, Ind 

lii!li:iiiii|x:ilÌJ9, Ind 

('ineiimiiti, Oliio 

l'rirki'i-slnir";, W. Va 


28. « 

29.34 
29.28 

29.38 
29.36 
29.44 


Lake Regimi 

Bisnett, Ontario 

Port Arthur, Ontario. - 
Parry Sound, Ontario . 

Hfiiijiwri, Ontario 

Oswcijo, N. Y 

l-ìuf'lipster. N. Y 


29.32 
29.0-1 
29.18 
29.20 
29.44 
29.42 








29.30 










Sault Ste. Marie, Mir-h . 

Houghton, Mich 

Uarquette, Mieli 

Green B.iy, Wis 

Grand ilaven, Mieli.. . 


29.00 

28. SS 
2S.SS 
28.92 
28.96 
29.04 
29.02 






Upper MìHKÌ.i.iìp;ii 
Volley 

Dnbuque, lowa 

i>nv(!ii[xirt, Iowa 


29.06 
29.02 
29.10 
'29. OS 
29.22 
29.22 










Ufissowri V allei) 

Sprin L'Ile Iti, Mo 

Kansas City, Mo 


29.38 
29-42 



s.w. 

8. W. 
N. W. 
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Wirhila, Kan 

C'onfordii», Kan 

ninnila, Neh 

Viileiiline, Neb 

Sioux i -iiv, Iowa 

Huron,S\ Dak 

Pierre, S. Dak 

MiMirhi'iid, Mìnn 

Bismurrk, N. Dak 

Williston, N.Dak 

Rncky Mimnlniii 
Slupe 

BaUkford, Sask 

ILivre, Mont 

lli>lciiii, Mont 

Mi le* ( ity, Mont 

K;i]is|X'll, Mont 

Li'ivìstiui, Idabo 

l'watrllo, Idaho 

Bllisi', Idìlli!) 

It:i|jid City, S. Dak.... 

I.ander, \Vyo 

Sali l.ake. City, Utah.. 

Muilriia, Utah 

( irai n.l Juiirtion, Cui. . . 

Clii'vt'ime, Wyo 

N'orili Piatte, Neb.... 

Denver, Col 

Allunilo. Texas 

Pueblo, Col 

DiMtjic, Kan 

nl<Lilioi!iii, (Iklnliimia. 
l'uri Worth, Texas. . . 

Al.ili'ii*', Texas 

Kl l'uso, Texas 

Salita l'è, N. Mex 

l'ìni;stufT, Aria 

Yiinia, Aciz 

Phoenix, Ari» 

Pacific Coati 
Bnrkerville. Brit. Col.. 

Victoria, Brit. Col 

1vuii)!ihi|w, Brit. l'ul. . . 
Spokuiie, Wasii 



20.54 

29.50 
2(1.34 



29. CU 
211.-12 
29.76 



29.92 
2(1. 90 
30.00 

30. IM 

HO. OS 

21). SO 
20. US 
:«.i.(W 
30.00 

20. OS 
29. 7K 
20.51) 
20.74 
20.70 
20.70 
20.60 
■20.50 
20,04 



■20.04 
211.01 
29.94 



29.74 
20.02 
20.70 
30.00 



N.W. 
N.W. 
N.W. 
N.W. 
N.W. 
N.W. 



N.W. 
N.W. 
N.W. 
N.W. 
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PlJ.CH. 


in^hefl. 


£ 


Wìxp. 


four'hoV- 
(inches). 


Milo 


Direc- 


Portland. Ore 


28.98 
30.00 
30.02 
30.04 
30.00 
30.04 
29.96 
29. m 
29.94 
29.98 
30.02 


42 
42 
34 
24 
22 
22 
42 
42 

58 
4S 
46 




s 

Lt. 
l,t. 
I.t. 
Lt. 
Lt. 
Lt. 

8 
Lt. 

8 
I.t. 


S. W. 

8. 

E. 

S. E. 

N. 
N.E. 
S.W. 

N. 
S.E. 
N.E. 
N.E. 
N.E. 


.20 
.42 
.12 
.04 




.32 












lìaker City. Ore 

('arson t'itv, Nev 

W i» nei uucca, Nev 


lied Bluff, Cai 

San Francisco, Cai 

Log Angeles, Cui 


Use at thia time only the figures in the thinl eolumn, 
those giviii'.'; temperature. Oo the blank weather map 
record the tempera ture of eiu-li place as given. Make the 
figures small and neat, an<ì place them dose to the amali 
eircle markìng the position of the town (location of 
weather station). What place haB the higheet tempera- 
ture of any recorded bere? What have a temperature 
of 60"? What placca have a temperature of 10°? Are 
any below thia point? In what part of the United States 
are most of the stations showing between 20° and 30°? 
Compare the tempcratures of eastern Washington, Kan- 
sas, and the region about Lake Michigan. How much 
of the Atlantic shore-line has tempera tu rea between 40" 
and 50"? Between .10° and (Ì0 C ? Between 60" and 70°? 
What is the range of temperature on the Atlantic shore- 
line? On the Pacific shore-line? 

We may cali the map as we now have it a tem- 
perature map, but it requires consideratile study in detail 
to eee how the warmer and collier plaees are distributed. 
We can make a more usefnl and espressive map by draw- 
ing lines of equa! temperature or isotherms. Let the 
student use a pencil so that mistakes ean he eorrecled. 
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What place has a temperatura nearest approaching that 
of Key West? 11 the temperature inereases at a uniform 
rate trova Jupiter to Key West, you would fmd 70° about 
one-thìrd of the distance from the former to the latter. 
We may therefore draw a line aerosa southern Florida 
through the probahle point of 70°. Ali points north of 
it will have, so far as our record shows, teniperatures 
below 70° ; ali south of it, about 70°. Notiee the tempera- 
ture of Corpus Christi and of Galveston. Places having 
60° would naturally he expected a little south of the foT- 
mer and a little north of the latter. Note the tempera- 
tura of Taylor and Palestine, and determine how far 
north of Galveston the isothermal of 60° should pass. 
WI»t places have a record of exaetly 60"? The line must 
of course pass through these. Where will the line run 
between New Orleans and Vieksburg? How far to the 
northeast must you go to carry the line from Mobile to 
Tampa? Draw the lino on easy eurves, and nnt straight 
from point to point. What share of the Gulf eoast of 
the United States is includevi within the belt of 60°? 
Might there he warmer places of which we have no rec- 
ord? Draw the isothermal of 50°, leaving ali places of 
higher temperature to the southeast and ali places of 
lower temperature to the northwest. Where does the line 
break on the enst? At the south west? t'ouhl we carry it 
out in both directions if we had the records of tempera- 
tures for the Atlantic and for Mexico? Does the line of 
.50° come in again on the Pacific slope? Observe the tem- 
peratures of the California stations. Imagine yourself 
carrying a thennometer from Fresno City eastward, 
southward, nr toward San Francisco. Could you go in 
any of tbesc direetions without meeting a temperature 
of 30°? 

In like nianner draw (he Une for W. How is Ijakc 
Ontario rituated with ri'ference to it? Deseribe its eurves 
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from Phoenix, Ariz., to Quebec. Where does it come to 
the Pacific shore-line? In like manner draw the lines for 
30°, 20°, and 10°. Compare the temperatures in going 
from Springfield, Mo., to Bismarck, Dak., with tempera- 
tures and distanees in passing from Marquette, Mich., to 
Pori Arthur, Canada. What point in the Eocky Moun- 
tain region has a temperature below 20° ? If you go from 
this place to Hapid City,' Cheycnne, Salt Lake City, or 
Pocatello will you probahly find temperatures of 20°? 
Draw the proper isothcrmal. including thÌH island of low 
temperature. Obscrve in the sanie manner an island of 
higher temperature ut (ìreat Salt Lake. Could you draw 
the line for 32°? What ahare of the United States (by 
estimate) was helow freezìng on the date of these obser- 
vations? How do the isothermals of 40° and 50° run 
with reference to the Atlantic and Gulf coasts? In an- 
swering this question Icave Florida out of account, and 
think of a single shore-line from Texas, to Nova Scotia. 
Compare the temperatures of New York and Tennessee; 
also those of Michigan and Arizona; that of Boston and 
of Lander, Wyo. Note also San Diego and Victoria. 
What infìuences occur to you as modifying the tempera- 
tures that might he expected from the severa 1 latitudes? 
With water-color or crayon, color the bclt of tempera- 
ture to whieh your home locai ity belonga. 

21Gc. Temperature Maps for Successive Days. — Tura 
to Fig. 174. This, like Fig. 109, belonga to January 7, 
1886. Disregard ali weather signs except the isotherms, 
and compare with Fig. 175, noting dates. Roes the map 
for January 8th show higher temperatures at any point? 
Has the Montana area of low temperature shifted its posi- 
tion, and how? How has the temperature of Chicago 
changed? .Has the temperature of New York City 
ehanged more or less than this? Wliat was the tempera- 
ture of eentrai Texas on the tnorning of January 7th? 
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On January 8th ? On January 9th ? What change in the 
temperature of North Dakota from January 8th to Janu- 
ary 9th? Compare the temperaturea of the other stations 
or regione for the three days. 

Study the isotherms of the current weather maps for 
one week, and record the principili changea in the distri- 
bution of temperature from day to day. Color the helt of 
some selected range of tempi?ratures for the week, and 
place the maps together in their proper order for a com- 
parative view. 

3 18. Pressure of the Atmospheie — The Barometer.— 
Review the section so that the principia of the barometer 
is elearly in your mind. It wili aid to fix it in memory 
if you perform the followìng simple experiment: Fili a 
test-tube with water, stop the open end with your finger 
and invert it, placing the open end in a hasin of water 
before removing your finger. The air, pressing on the sur- 
face of the water in the basin, prevents the water from 
falling in the tube. If your tube of water were 34 feet 
high the weight of the air woulil just balance it. That 
is, the column of water of that height is equal in weight 
to a column of air extending from the earth's surfaee to the 
upper limit of the atmosphere. Mereury is so mueh lieav- 
ier that a column about 30 inches high will balance the 
air pressure. It is practìcable to use a barometer 30 
inches high, and further, mereury will not freeze nut.il a 
temperature of —40° is reached. Ilence the student of 
the atmosphere comnionly uses the mercuria! barometer. 
Moke a sketch of the barometer to he used in your observa- 
tiona. Letter each essential part ami eiplain its meaniug. 

Readìng the Barometer. — The instrument should be 
hung with the tube vertical. In place of the basili shown 
in Fig. 173, it has a smaller cup oallcd a cistern. The 
cistern has a huekakin bottoni, and by means of a screw 
pressing against the buckskin the capacity of the cistern 
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can be changed. When a change of air-pressure causes 
the column in the tube to grow longer or shorter, the sur- 
face of the mercury in the cistern is lowered or raised. 
The first procedure in making an observation with the 
barometer is to raise or lower the mercury in the cistern 
by turning the screw until its surface is just at the zero 
of the scale. Otherwise the height of the column of mer- 
cury which balances the air at that time would be read 
erroneously. Note now the height of the top of the col- 
umn by means of the scale, in inches, tenths, and hun- 
dredths. Record the pressure (as thus given in inches of 
height of the mercury column) for each day for a week 
or month or longer period. 

In more exact or more advanced study corrections should 
be made for temperature and altitude, 32° Fahr. being 
taken as a standard of temperature, and sea-level as the 
standard for altitude. A thermometer is usually mounted 
dose to the barometer, and its reading gives the tempera- 
ture of the barometer. The amount of the " correction " 
is taken from a table (see Ward, Practical Lessons in 
Elementary Meteorologv, pp. 166-167). If the table is 
not at hand, the correction may be computed approxi- 
mately by the formula : 

h(t-S2) 

The correction (in inches) = in which li is the 

v ' 10,000, 

Idrometrie pressure in inches and t the temperature of the 
barometer in degrees. The tables for reduction to sea- 
level are found in Ward, pp. 168-170. Suppose your 
place of observation is 1,200 feet above the sea, and the 
temperature at the time is 80°. We find that 1.217 
(inches) must be added to the reading of the barometer. 
Tliis means that 1.217 inches of mercury weigh the same 
as the column of air reacbing 1,200 feet above sea would 
weigh at the given temperature. Such a correction is 
always made in the construction of weather maps. 
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21!). The Mapping of Pressure — Isobars. — Turn to 
Fig. 174. The isotherms are the sanie as those in Fig. 109, 
bui we will not iiow eonsider these. How do the linea 
for equal pressure (isobars) dìffer iu the drawiug from 
the isotherms? How many isobara inarking belts of 30 
inches? Descrihe thcir poeition. Taking the eastcrly 
isobar of 30 inehes, do the pressures deeline or rise east 
of this? What ìs the lowest pressure recorded in tbat 
direction? How is the center of this arca marked? Take 
the other isobar of 30 inehes and look to the norlhward. 
How do the pressures ehange? What is the highest pres- 
sure recorded? Whcre is the arca, and how is its center 
marked? In the same way descrihe the pressure condì- 
tions in the Texas region. How many ccnters of high and 
low pressure are shown on the map? Are the isobara 
eniwdi-d in anv nart of the map? What do you say here 
of the pressure slope or gradienti See pagea 257, 258. 
T!k> dislalici! froiii Buffato to Halifax atout cquale that 
between Farkersburg, W. Va., and Marmette, Mieh. Com- 
pare the gradients in the two eases. 

Compare Fig. 175, noting the dates. How has the 
northwest "high" ehangeil in position from Jaimary 
7th ? Has the pressure changed ? What change in the 
"low" at the northeast? What is the most eonspieuous 
cliangc in the distribution of pressure? Wherc is its cen- 
ter? Where is now the steepeat gradient shown? Ts this 
the same "low" that had its center on the Rio Grande 
on January 7th? Comparo Fig. 17(1, noting the date. 
Hocord again the ehanges in the Dakota high area. What 
new center of high pressure is ihowo? What ehanges 
liave come to the great low-proaaure area of January 
Sth? Where is its center? Compare the gradients wìtli 
f.hoac of January Sili. In what general direction bave 
Ibe " higiis " and " lows " nioved during these tane 
days ? 
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21da. Making a Pressure Map.— Take a fresh copy of 
the blank weather map and find in the second column of 
the table of data the pressures for the different stations. 
They are given to hundredths of an inch. Record them 
on the map in neat figures, as in the case of temperature. 

Wliat is the highest pressure shown ? At what station ? 
How far west do you go to find another record of 30 
inches or more? What is the pressure at Atlantic City? 
At Washington, Pittsburg, Cleveland, Detroit, Alpena, 
Sault Ste. Marie, Escanaba, and Marquette? Compare 
the pressures at Mobile, Vicksburg, Cairo, St. Louis, 
Davenport, Chicago, Milwaukee, and Escanaba. Com- 
pare Bismarck, Moorhead, and Duluth. Has any consid- 
erale area pressures of 30 inches or more ? What States 
or parts of States does it include? Does the area of such 
pressure approach the Pacific coast at any point? 

Having thus become familiar with the general distri- 
bution of pressure, you are ready to draw the lines of 
equal pressure, or isobars. The method is the same as 
with the isotherms. Here the lines, however, are drawn 
for eacli ten-hundredths of an inch (of pressure). What 
is the center of low pressures? The lowest being 28.88 (at 
Marquette), draw the line from 28.90. As no stations have 
tliis record in this region, interpolate as before, determin- 
ing the proportional distances toward Escanaba, Duluth, 
Port Arthur, and Sault Ste. Marie. For 29.00 you bave 
one of tliese stations, and will carry the line outside of 
Green Bay and inside of Duluth. Continue this process 
unt.il the low is sketched in, and then pass to the high 
area in the West. Compare the high area with the low 
in size, geographic position, and in ita gradients. How 
many minor eenters of high pressure do you find ? Would 
any of these perhaps be extensive if your map gave the 
pressures for landa and seas beyond our borders? W r hat 
is the order of succession of highs and lows as you pass 
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from the Pacific to the Atlantic? The distribution of 
presaure may be hrought out by the use of colora, using a 
separate color or slmile for ali areas of over 30 inchea; 
for tliose lietween 30 and 29.50; between 29.50 and 29, 
and below 29. 

lf lime pennita, the temperature and pressure inaps 
may now bc eombined, uaìng a third blank weather inap 
for the purpose and omìttiiig colora, 

220. Winds — Locai Observation. — In the section on 
ohserving the weather without instrumeiits liricf reference 
was made to winds. The study shoukl now be carried 
fnrther, boto without inst rumenta, and with the wind- 
vane and anemoni eter (Fig. 177), if there is opportunity 
for more carcful work. Note first the direction, dìscrimi- 
nating the four cardinal and the four intermediate points, 
the direction heing that from whxch the wind Comes, For 
strength use the followìng scale: 

0. Cairn. 

1. Lìght !; just ntmirij; Mie leavcs of trees. 

2. M mitrate ; inoving brwiclws. 

3. lirisk; gwayiug brancliea ; blowing up Just. 

■1. High; blowing up twi;r> frulli li» 1 iri-iniini ; swiivitig whole treea 

5. Gale ; breal;in^ sm;i]| l>r:i]iHii-.s ; lixi.-fiiini; l.rirks in ritiri nirij-s. 

ti. Hìirrirane or Tariiailu ; destro? ìng ovcrj Uiiiij; in ils patti. 



Is the wind blowing in the sanie direction at ali 
heights? Compare the nuotion of the lower and upper 
clouils to tee whetiier it is the sanie. The beat observa- 
tiona of direction are on clouds near the zenith, for they 
reveat the general movement of the atmosphere, while the 
inequalities of the earth's surface may to a consideratile 
degree control the direction of the wind at lnwer levela. 
Observe whether the wind is. perai stent in one direction, or 
is gusty and changenhle. Alan noie any correspoiidenees 
of temperature with wind direction. 
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220a. Wind8 and Atmospheric Pressures. — At ali 

wcather stations the direction and strength of the wind 
are reeorded as data for the weather maps. Thus the 
movements of the atmosphere in a region, or those of the 
entire country, and finally of the entire globe, can be com- 
pared. Timi to Fig. 174 and observe the directions of the 
wind (as shown by the arrows) in the New England and 
Nova Scotia region. Does the wind on the whole move 
toward the u low " or awav from it? How is it with the 
area of high pressures in the Northwest? Make a similar 
study of the high and low areas shown in Figs. 175 and 
17(1. Are you prepared to state a general law, as sug- 
gested by these cases? Keview the illustration of the fire 
in the cold room and explain why the wind blows toward 
the " lows." This illustration does not explain the origin 
of the low areas, but these being given, it aids us to see 
why the winds blow as they do in relation to them. 

You are now ready to plot on the map the data for the 
winds given in the table from which we bave taken the 
temperature and pressure. Use the map on which you 
bave drawn the isobars. Do not write the figures or let- 
ters indicating strength and direction, but use instead 
arrows pointed with the w r ind. Use a short arrow for 
winds having a velocity of less than 10 miles, and a longer 
one for those whose velocity is 10 miles or above. 

Study first the direction. What is the prevailing direc- 
tion in the Dakotas, Nebraska, and Kansas? In Iowa and 
Missouri? In Kentucky, Indiana, and Ohio? In Penn- 
sylvania and New York? How are the directions in the 
areas above mentioned related to the " low " in the Supe- 
ri or region ? If they do not point toward the " low/' do 
they agree in pointing to the right or left of it? What 
kind of a movement would therefore belong to the atmos- 
pbere in the Upper Mississippi Basin and in the Lake re- 
gion? Do the winds of the Gulf region belong to this 
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system of movemonts? What general relation can you see 
between the winds and tho isobare cast of the Bocky 
Mountnins? Plaeing yourself in northcastorn Nevada, 
what CSD you say of the wind directions of tho Western 
Uniteli States as studiali from that point? Ih tliere any 
exception in that region? Can you suggcst a probablc 
reason for this case? Do you find the winds related to 
the higlis and lows in the sanie way as sccn on the maps in 
the text-book? 

Are the greatest velocitila in the Fast or West? Whcre 
are the greatest differences in pressure? Is there any gen- 
eral cor ree poti don ce between the two? Compare the dis- 
tance between Boise and Portland (Ore.) with the dis- 
tante between Bismarck and Duluth. (The latter is a 
little the greater.) What is the difference in pressure be- 
tween Boise and Portland as comparai with the dilTerence 
between Bismarck and Duluth? Consult again the talile 
and rceord the veloeitk's at the Wèstern piiir of sfattane, 
and put witli tbcni the vclocities at Bismarck and Duluth. 
Compare velocity at Baker City with those of Moorhead 
and Muroii. Make simìlar eomparisons between the Lake 
and Gulf regions, noting the rato of change of pressure. 
Do the larger veloci ties correspond with tho largir gradi- 
ents (steep- press uro slopes) ? 

222. Storms of the Westerly Winds, or Cyclones. — 
Kofer again to Fig. 174 and mark the center of the low 
area on Jannary 7, lS8fi, in the western fìulf region. Is 
it a well-dcveloped "low"? Note its changes of position 
and eharacter on Janunry 8th and 9th. Ilas it followed 
appro.ximately any of the paths shown in Fig. ITO? What 
do you observe coneerning the gradients and the winds 
wlie.n the "low" was in the western Gali region? What 
ehanges in thesu reepeets when it rcached Alabama? 
Wlion it reaebed the Atlantic coast ? Did any center of 
high or low pressure disappeiir from the map from Janu- 
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ary 7th to January 9th? Did any such area appear for 
the first time? How did the movement of the northwest- 
ern " high " compare in rate of movement with the south- 
ern " low " ? Why should rain or snow be often asso- 
ciated with areas of low pressure? Describe the high and 
low areas of Fig. 178. Give the distribution of rainfall. 
Have we in this case any means of telling what precise 
path these centers were taking? Do we know from expe- 
rience in what general direction they were moving? If 
you are in the track of a " low," what would commonly 
be the direction of the wind bef ore it reached you ? After 
it passed? What conditions of wind would you expect 
while it was passing over you? What change of tempera- 
ture is usually connected with such a passage? What 
would be the successive changes in the direction of the 
wind if a " low " were passing eastward at some distance 
to the north of you? When the wind changes thus, it is 
said to veer. Describe the changes if the "low" or 
cyclone is passing south of you. In this case the winds are 
said to back. Compare these movements to those of the 
hands of a clock. Do they give a clue to the path of the 
cyclone ? 

225. Shore and Gorge Breezes. — If the school is dose 
to the ocean or to a large lake, observe the " land and 
sea " breezes. This will be possible only in warm, clear 
weather and when the general condition of the air is quiet. 
Watch for a reversai of the wind in the forenoon, and 
again a little before or after sunset. Record the hours of 
pbservation and the strength of the breeze. 

If the school is near a steep mountain front, or in a 
mountain gorge, a similar daily reversai of the wind can 
be observed. In sunshine the air against the slopes, ex- 
.panded by warming, tends upward and produces a gentle 
current up the slopes. At night the cool, heavy air against 
the ground flows down the slopes and accumulates in 
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the gorges, througb which it often pours with much 
force. 

827, Thunder-storras. — ohscrve and record the tustory 
of a stona from the moment of ita approaeh. Deseribe 
the clouds and their changes of forni, eolor, or motion. 
What are the direction and strength of the wind? How 
long did it rain? What was the size of the drops? How 
much rain fall? Did the baronietcr show ehange of pres- 
sure, and how much? Hceord any changes of tempera- 
ture. Deseribe the lightning and the peals of thumlcr. 
What time passed hetween the flash and the peal? How 
long did the storni last? Write out in simple narrative 
form the story of the storni. Compare it with other 
thunder-storms which you remeniber. 

238. Weather Maps.— Review scctiona 232 and 234. 
You have al ready given atteri ti on to sudi maps in eser- 
cisce 210", 219, 220, and 222, to the temperatures, pres- 
sura, and wimls alrendy plnilei! ErOBl uur tahle of data. 
You can now add the rainfull, placiug the flgures hy the 
various stations as beforc. Areas of rainfatl may be 
sliown approximately hy shading, where several rainy sta- 
tions appear adjaeent to each other. You will now have 
complctcd your weather map for this one day. Qtive I 
concise deaeri ption of it, referring to the several weather 
elemenls as relateil to each other. 

If suflicient time is availahle, eonslrnet weullicr maps 
for si\ successive days Troni data gìven hy Ward in folder 
opposìte page 90, and discms the weather changes of the 
whole period. Or select from the current Government 
weather rnaps a sories for any week, and study each day's 
weather, and record the changes from day to day. 

Apply the prineiples learned throughout the study to 
the weather elemenls daìly ohserved in your own loca li tv, 
and aeek t" (orecaH ntinfull, direction of winds, and 
changes of temperature. 



CUÀPTEB XII 

THE.EARTH'S MAGNETISM 

237. Declination of the Needle. — If a theodolite or 
transit is available, make an observation on Polaris to 
determine the declination of the needle. Adjust the in- 
strument and set it up in a convenient place before dark. 
Take special care in leveling it. A faint light held near 
the object-glass of the telescope will illuminate the cross- 
wires after dark. The star Polaris is not at the north 
pole of the sky, but a little to one side of it in the .direc- 
tion opposite to that of the star Alioth. In the constella- 
tion popularly known as the Dipper the star of the han- 
dle, which is nearest the bowl of the dipper, is Alioth. 
Point the telescope at Polaris when Alioth is either 
directly below it or else has the same height at right or 
left. Then read the direction indicated by the compass 
needle attached to the instrument. If Alioth is below 
Polaris, this direction is the declination of the needle. If 
Alioth is at the right, the direction is too far to the west; 
if at the left, too far to the east. The correction to be 
applied varies in amount with latitude of the place, being 
l\° in latitude 37° and 1J° in latitude 47°. From July 
to September the observation can be most conveniently 
made with Alioth at the left; from October to December, 
with Alioth below; and from January to March, with 
Alioth at the right. 

Isogonic Map for the United States in 1902 (Fig. 
189). Describe the course of the line of no declination. 
128 
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What States are wholiy or partly in the area of west 
declination ? What is the highest west declinatoti shown? 
The highest cast declinatimi '! llow does tlie declination 
ìd New England compare with that in New Mexico? 
Compare eastern and western New York. What is the 
range of deelmation in California? In what part of the 
United States does the declination ehange the most in 
going froni place to place? "What is the declination for 
your owu loealìty? Get tlie magnetie nortli and deter- 
mine the posi t ioli of the true north. 

838. Magnet and Compass. — To perform the oxperi- 
inent mentìoned in the text it is hest to use a straìght 
magnet instead of one with tlie ordinary horseshoe forni. 
Sueh magnets are made of tcmpered steel. A har of soft 
ìron, if placed parallel to the' earth's axis, dcrives niag- 
netism from the earth, and, if largc enough, will control a 
compass needle in a sìrailar way. 

239. Compass of ìron Ore.— lìring a pocket compass 
near to ditferent parta of a block of magnetie Ìron ore and 
fìnd its poles. Its nortli pole, or poles, wilì be found to 
attract the south end of the eompat-s needle, and vice versa. 
Place the block in a pan and float it on water. It will 
come to rest in a particular position controlied hy the 
carth's magneti sin. 




CHAPTER XIII 

THE OOEAN 

240. Study of Ocean Basins. — The details of this ex- 
ercise will depend on the maps or reliefs which are at hand, 
and must be determined by the teacher. If the Atlantic, 
voi. ii, by Thomson, is available, use the folding map of 
the Atlantic basin, opposite the title-page. Describe the 
areas which are more than 3,000 fathoms in depth. What 
are the forms and extent of the areas under 2,000 fathoms 
deep? Compare the continental shelf of North America 
with that of Europe. What islands lie within it in each 
case? What land-locked seas lie behind these islands? 
How are the deeps related to the centrai portions of the 
North and South Atlantic? Describe the centrai belt as 
to depth, width, and changes of direction. Compare the 
depths of the Mediterranean and Caribbean. Compare the 
continental shelves of West Africa and eastern South 
America. Make a profile of the bottom of the North 
Atlantic from Porto Rico, along the track of the Chal- 
lenger, past the Canaries to the African coast. Use hori- 
zontal scale of the map and vertical scale, -^ inch = 500 
fathoms. What is the latitude of this course? Consider 
it as 20°, though the average is a little higher. How 
long is a degree of longitude here? See table, page 4. 
What distance does your profile represent? What is the 
amount of vertical exaggeration ? Mark off on a circle 
an are corresponding to this fraction of the earth's cir- 
cumferonce. Reproduce your profile with diminished 
vertical exaggeration on this curve. Make a profile as 
130 
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above from Cape St. Roque to the eoast of Sierra Leone. 
From Rio Janeiro direetly eastward to the coast of Africa. 
Compare the three profiles. I£ this map is not at band, 
the questione and directions will serve in a general way 
as a guide to the study of other maps. 

243. Islanda in the Ocean. — Keview the seetion. Use 
Fig. 1S)5. Make profile froru right to loft, embraeing the 
larger and the smaller mountain:-, the barrier reef, and 
the oeean bottoms. As we have no soundings, the work 
must he of a general nature. Make the bottoni shallow in 
the lagoons and deeper outside the reefs. Make profile 
ìn a similar way, using the atoll of Fig. 19G. 

If you have Dana's Corale and Coral Islanda, tura to 
the map. piate xi, opposte page 204. Or take United 
States Coast Survey Chart No. 1,002, showing Straits of 
Florida and approaehes. From either of these study the 
Bahama Islanda in referenee to the adjninìng banks, to 
the deep-water channels nn the south and west, and to 
the open sea on the cast. How mueli land would there 
he in the islands if the sea were to subsidc or the landa 
rìse a diatanee of ;i0 fcet? Make a written description of 
the various features and of such possible changes. 

244. Properties of Sea-water. — Dissolve aalt in water 
until the water is saturated. The resulting brine corre- 
sponds upproximately to that of Great Salt t^ake. Mix 
1 pìnt of Ibis brine with G pints of fresh water. The 
mixtitre corresponds in saltness to sea-water. Select some 
objeet (a block of hoavy wood, for example) whieh will 
barely lloat in fresh water. Remove it Biweesaivfilj lo 
the sea-water misture and the strong brine and observe 
how inueli bigher it iloats on the heavier liquida. Bepeat 
the experiment with a block of ice representing an ice- 
berg. On a very cobi night expose eqiul amoimls of 
three liquida in vessols of the same size; in the morning 
bbserre the fliflerencea in the format km of ice. 
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249-250. Tidal Observations. — If the sca or a tidal 
estuary is near, establish a tide-gage and make regular 
observations. Choose a spot not reached by large waves, 
and having graduated a board in fcet and inches, and 
numbered the foot-marks, fasten it vertically on a wharf 
or pile with the zero below lowest water. Observe the 
height of the water hourly, or as often as convenient, for 
several days, and plot the height as a curve. Then observe 
the times of high water and low water daily and com- 
pare them with the time of the rising of the moon, either 
observing the moon rise or taking it from an almanac. 
Having learned how much on an average the tides precede 
or follow the rising of the moon, predict the times of high 
and low ti de for future days, and then compare observa- 
tion and prediction. Do the same for spring and neap 
tides, comparing them with full and new moons. 

251. Ocean Currents. — Fig. 201. Take a sheet of 
paper of twice the dimensions of this page, and lay out 
the latitude and longitude with scale doublé that used in 
the figure. Draw the outlines of the continents. Draw 
the lines and arrows for the equatorial current (using red 
for the ocean currents), the Guinea Current; the Gulf 
Stream; the Labrador Current; the South Atlantic Cur- 
rents. Record the dates and general course of the bark 
Telemach; the same for the schooner W. L. White. On 
the Gulf Stream, read, if at band, Thomson, Depths of 
the Sea, chapter viii, p. 356, etc. Also Three Cruises of 
the Blake, voi. i, chapter xi, p. 241, with map, Fig. 174. 
Compare Franklin's idea of the Gulf Stream, Fig. 173. 
Read also in Pillsburv's Gulf Stream, published by the 
United States Coast Survey. Give a brief written report 
from such readings. 

Take any pilot chart of the North Atlantic or other 
chart from the Fnitcd States Hydrographic Office which 
shows drift of bottles in the Atlantic Ocean. The follow- 
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ing questiona are hased on chart of August, 1898, tìtle ' 
Iìecent Accessions to our Knowledge of Oeean Currents 
Obtaincd Through Floating Bottles. Read carefully tlie 
account under this title at the right side of the charts and 
follow the map in the reading. Obeerve that each hottle 
track is numbered, and that the nmnbers on the map eor- 
respond to numbers in the tabular deserìption in the cen- 
trai part of the sheet. What symbol indicates the point 
where the botile was set adrift? What shows where it 
was reeovered? What numbers indicate the eastward- 
inoving equatorial current? On what eoast were the bot- 
tlea reeovered? When was hottle No. 76 thrown over? 
When reeovered? Bistance travelcd ? Average drift per 
day? Is this rate of drift high or low? What are the 
highest and lowcst ratea in the tahle? Would a hottle he 
certainly reeovered as soon as it reaehed land? If not, 
how wonld this nffect the estimate of Tato of drift ? Traee 
and. dsBQFÌbe thu course of N"o. 3; of No. 1; of No. 65. 
Compare No. 3 with No. 23. Compare No. 1 witli No. 81. 
What do these comparisons show? What is the generai 
course of hottles set adrift west of North Africa? The 
sartie for those set adrift north of 4(1° north latitude? 
Trace the course of No. 7 and No. 37, drawing eon- 
clusions. 

Il' tlie ahove chart is not available, take any similnr 
chart of the Ilydrographic Office and study tlie drift of 
bottlee in a similar munner. 

Study the United States Ilydrographic Chart, The 
Derelict Sehooner W. Tj. White (supplement to the Pilot 
Chart of tlie North Atlantic Oeean for Fehruary, 188!)). 
Descritte the cerane of the derrliit. giving datea with la.fi- 
tiuli- and longifude of point where sighted. Olwrve tliiit 
tliiw ap|iears ìn Fig. 201, Imt without date*, owing to 
Binali scale. Head the hintory of the wreck tt printed on 
tlie ehart. Record the ehief facta in your "iote-book. How 
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long a time did the Ione voyage require? When and 
where did she come ashore? How many reports reached 
the Hydrographic Office? Where was she June 21st? 
What was the report f or that date ? What is the value of 
such records ? What other derelicts are charted here ? 

252. Ice in the Sea. — Chart — Ice in the North Atlan- 
tic — Season of 1889-90, supplement to the Pilot Chart 
of the North Atlantic Ocean, January, 1891, United 
States Hydrographic Office. 

What is the symbol for icebergs? For field or floe 
ice ? For hòw many months have we a record ? Compare 
the area here shown with a general map of the North 
Atlantic. Plot this area on such a map. In which 
months is this region most nearly free from ice? When 
are the icebergs most numerous? Compare their distri- 
bution in January, 1890, with that of February, 1890. 
What does the printed statement at the top of the chart 
say of the apparent absence of ice from- the Grand Banks ? 
When does the field ice begin to be abundant? How long 
does it continue plentiful? Describe its distribution 
about Newfoundland in June, July, and August. Why 
is the ice most abundant in the spring and summer 
months? Is this an average year for ice in the North 
Atlantic? See notes at the top of the chart. What 
feature of Fig. 201 is suggested by the distribution of the 
ice? 

253. Exploration of the Sea. — This exercise will not 
be outlined here, but the student may be assigned read- 
ings for written reports, the material depending upon the 
volumes available, such as Nansen's Farthest North, 
Greely's Three Years of Arctic Service, these especially 
in connection with sea ice as above. 

For more southern seas and the sea bottoms, as well 
as for methods of sounding, dredging, età, see Agassiz's 
Three Cruises of the Blake, Thomson's Atlantic, Thom- 
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soirs Deptha of the Sea, and Captain C. D. Sigsbee's 
Deep Bea Sounding and Dredgìng. 

856. Navigation. — rilot charts of the North Atlantic 
Ocean, August, 1889, and February, 1900, United States 
Hydrographic Office. If at any time these are not avail- 
able, two others rep resoti I mg summer and winter aeasons 
. should he used, with questione aimilar to those that fol- 
low. Use the Augnst chart. What topica or kinds of 
explanation are given in the printed matter on the Tight 
and left sides of the charts ? Wliat is the hurrieane signal ? 
The N. W. wind signal? For what regions were the new 
charts published in July, 189!)? What brandi hydro- 
graphic office is nearest jout home? How are storni 
traeks showu and how is varying ìntensity indicated? 
How is the ice later seen distinguished from that earlier 
seen? How are regions of frequent fog designated ? 

Descrihe with reference to latitude, longitude, and ad- 
jacent landa, the northem steamslrip roiiles from New 
York and Boston to Europe. What limite of dates are 
advìsi'd in the case of vessels moving eastward and west- 
ward? What advk-e ia given to sailing vessels? Descrihe 
the southern route, and indicate whcn it ia to be nscd. 
Wbere is the southern route for west-bound stoamers from 
(ìibraltar? When is the northern route from Uibraltar 
to New York to be used? Descrihe the track ami mRii-itv 
of storni No. 1. Describe the regimi of equatorial rain 
as shown on tliis chart. Wbat is indicated by tbe (ine 
dotted lines? By the cireles with figures and arrows? 
By the email arrowa? 

llsing also the chart for February, 1900, compare the 
various features with those of the preVÌOUB summer. Oem- 
pare the direction and Ìntensity of tho winda along the 
track of the steamships from New York and Boston. The 
game along the southern route for west-bound steamers 
from (Ìibraltar. Note the relative amounta of sea ice in 
10 
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the two seasons; also the fog predietions for the two 
perioda. Compare the areas of equatorial rain and the 
limits of the trade-winds. 

257. Submarine Cables. — Map — Submarine Cables of 
the World, etc. National Geographic Society. 

How many lines are indicated as crossing the Xorth 
Atlantic? Wliat chief points are touched on the American 
side? IIovv many cables touch Ireland? Land's End? 
Franco? What are the principal termini of lines in the 
Mini i ter ranean ? What important lines run from Lisbon ? 
What connection bave the Bermuda Islands? What im- 
portant lines south of Asia? Describe the location of 
lines for Australia and New Zealand. What important 
lines do not appoar on this map of the Pacific region? 
Observe the land connections. What important line in 
North America is not bere shown? Anv important omis- 
sion for Africa? Judging by telegraph-lines, how fully 
is the vvorld brought under the dominion of civilization ? 
The student is reminded that only the " principal " con- 
necting land lines are bere shown. 



CHAPTER XIV 

THE MESTINO OF THE LAND AND SEA 

253. Shore-Iine of Maine. — Write a genera] description 
from any atlas map. For detailed stmlv ose the Booth- 
bay ami Bath Sheeta, taking fÌTst the former. What are 
the township or other names on the cliief headl&nda? 
What are the intervening bays? What river enters the 
aea here? How far inland do the bays penetrate? Does 
thin map show their full extent? What U the beigli t of 
the headlands? How wouhl the proportìons of land and 
water in Ibis area be changed if the regimi were to sink 
100 Feet? What iltands would disappear? What head- 
lands would becooie Islanda? If yon have Goaet Snrvey 
Sheet 105 or Harhor Sheet 314, stndy tlie Boundìngs aboat 
the nioutli of the I'enobscot. How much would the land 
be increased if the ragion rose mo Eeet (estimate) ? What 
i slancia would hecome a part of the mandami ? 

Make a aimilai atady of the Bath Sheet. Taking lioth, 
wlial cultore features do you lìciti that would not appetti 
on an inland map? Make a lìwt of the tight*. How do 
the roads ilìffer from tbose almnt Fargo (in Minnesota 
and Nortli Dakota) ? Why? How does topograpliy affeet 
the oiaking of railways in tliis regimi ? How are the net- 
tlements loeated, and why? Where are 1 1 n ■ oonntry and 
township linea usuali* tonno!? Dfecnse ihe origin of eneh 
deep, narrow baya, taking aeconnt of riverw. glacders, and 
the sea. 
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200. Shore-line of Massachusetts. — Several exercises 
are suggested in the Teacher's Guide, as the entire shore- 
line of the State abounds in interest. The Coast Survey 
Chart No. 7, Cape Ann to Block Island, should be exam- 
ined, and a brief general descript ion of the coast written. 
For detailed work take Boston and Boston Bay Sheets. 
Study the headlands and beaches. Describe the relations 
of Marblehead Neck to the mainland. The headland is 
rocky and but thinly covered with drift. The " neck " 
proper is a sandy beach. Has the headland always been 
joined to the mainland ? Describe Nahant. Show the 
effect of waves and currents on the shore-line from Lynn 
by Urow's Cliff to Point Shirley. What would you infer 
from the topography as to the former conditions in the 
vicinity of Unii and Nantasket? What is the origin of 
the marshes west of Kevere Beach? Make a list of the 
lights shown on this sheet. What width of open water 
leads from Boston Ilarbor to Boston Bay? Was there 
formerly more, or less? What rivers enter Boston Bay 
and Boston Ilarbor? What is their character? (The 
student is reminded that the tidal marshes were formerly 
more extensive, since much of Boston stands on " made " 
land.) Tf possible, study Coast Survey Chart 246 or 337, 
noting the soundings. Describe the changes that would 
follow an uplift of the land amounting to 100 feet. 

261. New York and New Jersey .—Special sheet, New 
York and vicinity, and Coast Survey Chart No. 8. Read 
the section and examine Fig. 208. This cut is made from 
a photograph of a relief model. The model is based on 
the special sheet now to be used for study. 

What are the dimensions of the area shown by the 
map? Describe the Coney Island and Rockaway Beaches 
in their relation to Long Island. In what direction bave 
their sands been moved? Explain the origin of the 
marshes about Jamaica Bay. What is the origin of 
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Siiclv Hook? Wbj are Navesink and Shrewsbury lìivers 
so wide at their lower courses? What other rivcrs of tbe 
inap show the sanie feature? What is the ridge whieh 
separates the Hudson lìiver and the upper bay froin the 
llackcnsack Valley? What is tbe length and approximate 
area of the marshcs betwcen Haekensack and Perth 
Ambo;? Why are the shore-lines along the East l'i ver 
and Long Island Sound so ragged? Make a list of the 
lights. How niiiiiy Hfc-savìng station» do you find? 

Study Chart No. 8, United States Coast Survey. How 
does Great South Bay eorrespond witli Jamaiua Bay? 
Does the form of Fire Island Beacb corroborato yonr 
explanation of Kockaway and Conoy Island Beaclics? 
What is tbe niost easteni land ehown on this map? Tbe 
must southern? How far is an offshore beach found to 
the southward of Saudy Hook? Does it appear in the 
vieinity of Long Branch and Asbury Park? How many 
inlets hetween Beutòe Park and Capo May? Compare 
the inner and outer shore-lines southwestward from Mon- 
tank Paint. How do the soundings in the Hudson range 
from Jersey City to Yonkers? What do the figures indi* 
cate when on the dotted siiTfaees? What are the limite 
of depth in the upper bay? Find a traek across the 
lower bay for a vesso! drawing 30 feet of water. Describe 
the eourse of the 10-fathom line. Study the positìon of 
the 20-, 30-, 40-, and 50-fathom curves. What eourse 
would the waters of the Hudson take if tbe land were 
uplifted 300 feet? Could the sea raako snob a ehannel 
as you now find on its bottoni? Could the sea cut out 
the basin of the upper bay or the lower ehannel of the 
Hudson? How could these features he made? How far 
from the south shore of Long Island is the water less tban 
100 feet deep? How far from the New Jersey sbore- 
line? How far is the 100-fathom curve from New York? 
How far is the 1,000-fathom curve? What does this dif- 
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ference mean ? How many lights are shown ? How many 
light vessels? What is the range of distance for which 
they are visible? 

262. South Atlantic and Gulf Goasts. — Materials will 
depeiuì 011 the locality preferred for study, and the exer- 
cises should be carried out in a way siniilar to those given 
above. 

For the diesa peake Bay region use a group of the 
United States topographic sheets and Coast Survey Chart 
79 or 9. The foriner gives Chesapeake Bay, the latter 
the coast froni Cape May to Cape Henry. Chart 131 gives 
Chesapeake Bay cntrance, Hampton Iloads, etc. For 
the North Carolina coast, Charts 10 and 11. For the 
greater part of South Carolina and Georgia, including 
Charleston and Savannah, Chart 12. No. 154 gives 
Charleston and vicinity, and 431 Charleston Harbor. No. 
155 gives Savannah Harbor and the adjacent coast. For 
Straits of Florida, Key West, etc, see Chart 15. No. 18 
gives Mobile, 19 the Mississippi Delta, and 21 Galveston. 
No. 188 gives Mobile Bay, No. 194 the mouths of the 
Mississippi River, and No. 204 Galveston Bay. 

263a. Pacific Shore-line. — San Francisco and vicinity. 
Coast Survey Chart No. 5,500, Point Pinos to Bodega 
Head. What distance on this map represents a statute 
mile? When were the latest corrections of this chart 
made? When were the first surveys made for this chart? 
How are soundings for the shallow waters expressed? 
What is the piane of reference from which these soundings 
are determined? What are some of the characters of the 
bottoni shown by the map? What sign indicates a sunk 
rock ? A lif e-saving station ? What is the declination of 
the needle, as shown by the chart? What are the sound- 
ings in the Golden Gate? How wide is this passage? 
What are the soundings outside of the Golden Gate along 
the " main ship channel " ? What is the average distance 
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tram the abote of the SO-Éathoni curve? W the 100- 
fathom curve? How cani yon account for the sliallowing 
oiitaido of the Golden (late? Whcrc are the deepsr water* 
of Man Francisco Bay? What rivers discharge througfa 
the northern ami of the bay ? Conault Fig. 13i) for review 
of California topography, also Fig. 310. 

303/i. Coast Survey Chart No. 3,089.— In land pas- 
sagea, Olympia, Wash., to Mount St. Eliaa, Alaska. What 
ia the lcngth of this shore-lìne in statute miles by direct 
eourae? Estimato the lcngth, ineluding ali slmivs of 
ìalanda, bava, and headlanda. What deelìnationa of the 
needlc are ahown OD this map? What are the sotinclinga 
at Seattle? At Tacoina? At Victoria? In Georgia 
Strait and Discovcry Pasaage? Wiiat symbol indicate» 
steamer routes? Trace the incide passale from Georgia 
Strait to GlaciiT Bay, Alaska? (live soundings and width 
of paaaage hy Princess Hoyal Island through Grenville 
ChHiuioI and Frederick Sound. What are the deepest 
soundings in Lynn Canal? What are the soundings olf 
l'oint Manly in Yakutat Bay ? What amount of elevation 
of the land would cause a retreat of the waters from most 
of thesc Borda? 

271-273. Coast-lines of Risiag and Sinking Lands.— 
The Harvard (ìeogruphical Modula or Figa. 10, 15, and 
10 of thia munual. Take Model 1 or Fig. 15. How is 
rt'lkf ahown in this model? Has much or little wear 
taken piace over these lands? Do the mountain» Bbew 
the same forni to the right as to the left? How do oppo- 
nile slup.'s rampare (rito cadi other on the right? Or. the 
left? What stnicture have the rocka on the left? (Sce 
section 4.) Are they ;i.- originally depoaited ? Taking the 
top as north, what causes the ribbed appearance on the 
Dorthead slope of theac ridgos? What share of the whole 
land area is drained by onc master stream? Gas this river 
a tìood-plain? What does this flood-plain becorne near 
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ths eea? What wwk has Ilio «?a accnmplbhed on the 
edge of tlie lami? A long what share of tliis coaat-lìne ìa 



I 




Fio. 15.— Harvard Gcogrupliicnl Model, No 



Biich an effect produced? If you have the ilcscriptive 
pamphlet which accolli pimics these models ( Proceedings 
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of the Boston Society of Naturai History, voi. xxviii. No. 
4, pp. 85-110), read pages 89-101. 




Fio. 16. — Harvnn! (ji.-oKrii[>!iìcitl Model, No. 3. 



Model 2 or Fig. 10. Review exerciac 150a, Compare 
the landa and rock types in Ftg. 10 witli those of Fig. 15. 
What clange has taken place in the relation» between land 
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iind sea? What bas hapi>cned to the delta of Fig. 15? 
Where are the shore-cliffs of Fig. 15? What changcs have 
been wrought ii])on the uncovered sea bottom? Where is 
the present delta? What features bere correspond to fea- 
tuivs of the New Jersey shore-line? What feature of the 
landa shown bere does not appear in Fig. 15? In the 
pamphlet read pages 94-101. 

Model 3 or Fig. 16. Compare the mountains on the 
east and west. Where is the delta? Where is the coastal 
plain? Are any remnants of the shore-cliff in sight? 
What is the origin of the islands? Which condition would 
he most favorable for population, that of Fig. 10 or Fig. 
16? What industries would be prominent in the former 
ease? In the latter? Name shore-lines in any part of the 
world like that of Fig. 16? What name is properly ap- 
plied to such a coast? In the pamphlet read pages 
104-107. 

Ima ghie this region to remain with this relation to 
the sea for a long time. Name the changes that would 
take place. Imagine an uplift to follow to the position 
of Fig. 10. Would the resulting shore-line and adjacent 
lands be the sanie as in Fig. 10? How would they differ? 
Make a list of ali the forces that are involved in the 
changes of land forni considered in this exercise. 




27B-a79. Forests and Forestry. — In this and suhse- 
• |iii'nt topics the Btudent will look to the teachcr for refcr- 
l'iiccs te suitahle readings and for guidanco in atotty. The 
ftccorapsnyiDg mape, Fig. 17 of this manna), give the 
ilislrihmimi of forest reserves and nationa] parta to 
■Tutu. 1 , 1900. How man; forest reservatìons appear on the 
map? How many national parks? Where are the latter 
and what are their names? Jn John Muir's volume, Olir 
National Parks, read the author's account of the Yosem- 
ite Park, and writc a short paper, giving the main faets. 
How many forest reservatìons in California? Where are 
they loented? What are the reasons for thus proteeting 
forest landa? Where are the reserves of Oregon and Was 
ington? Can yon trace any relation hetween these forests 
and the rainfall? See map, Fig. 1G0. How many reserves 
in Colorado, with their narnes? Account for the presene* 
of forests and a reserve in northern Utah? To what 
mountain rango or group of ranges do the reserrea of 
Wyoming, Montana, and Idnho helong? Why is there 
ì in Nevada? 

Praetical Forestry, by John Gifford. If you have at 
hand, turn to pagos 230, 231, and answer the following 
questione: Which is the largeat reserve in Arizona? What 
is its area? When was it set apart as a reserve? What 
is the lotal area of ali the reserves in Arizona? What 
is the largest reserve in the entire West? In what State? 
When was the; reserve oslahlìshed ? What reserve in South 
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Dakota? What connection between the forest and other 
geographic conditions? 

Di stri batic il of Flant Life in the Home Neighborhood. 
—In what ways has man chariged the distributìon of the 
plants in your neighborhood? Has he cut away the for- 
este? What proportion of tilt; ground is yet eovered with 
foresi? What wceds make it diftìeult to keep your lawn 
in good condìtion ? What are the troublesomo weods of 
the garden and the Acida? flave any been mori; difficult 
to cope with in the last few years? In the field do you 
think it more efFective to remove the weeda hy cultivation 
or to suppress them by heavy cropping. Have you had 
experience of setting nursery shrubs or fruita that win- 
ter killed? How did the clìmate of the nursery differ 
from your own? Namc cases in whieh plant life waa over- 
eome by other plants. Name cases in which the greatest 
foe was browsing animals or insect pesta. Read in this 
connection section 297, and Ohapter IX in Coulter'e Plant 
Kclations. Doea the tenn "struggLe" apply quite ìis well 
to piants as to animala? Study the naturai vegetati»!] of 
your neighborhood. Visit the nearest swamp. What 
trees and shruhs or herbaccous plants do you reeognize? 
Are there any which you do not find on the dry landa 
about? If the swamp borders a pond, lake, or river, see 
if you ean fìnd a belted arrangement of plants rimila! to 
that seen in Fig. 232. What shrubs do you find along 
the roads and fences? What trees make up the greater 
number in the nearest wood-lot? What trees are only 
occasionai or rare? Is there thick undergrowth in the 
foresi? If not, is the condition due to pasturing or to 
suppreasion by a heavy stand of mature trees? Do you 
know fariners that take intelligent eare of their wood- 
lands? Are they eareful to cut the ripe titnber? Do they 
avoid careless destructìon of growing trees? Do they 
thin the timber, priwrvmg the more symnictrieal trees? 
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What kinds of evergreen trees are found in your neigh- 
borhood? Can you distinguish any special features of 
soil or moisture where they flourish ? Have you noted any 
differences between trees of the same kind, comparing those 
which are in the forest with those which grow in open 
fieids ? 

285-287. Distribution of Animals in North America. — 
Figs. 22G and 231. Take the former. Describe the distri- 
bution of the musk-ox. What color is used as a symbol? 
What is the most southern Iatitude reached? The most 
northern? What parts of the United States have the 
moose? What is its eastern limit? How does the belt of 
occupation run with reference to the Great Lakes? With 
reference to Hudson Bay? In what great river basins 
does this animai appear? Where does it reach the Pacific 
Ocean? Does it touch the Arctic Sea? What countries 
share in the distribution of the antelope (in 1900) ? In 
what country is the largest area? What physiographic 
regions of the United States embrace most of the antelope 
area? What is the eastern limit in longitude? 

In Fig. 231 to what extent do the animals named con- 
fine themselves within national boundaries? Note excep- 
tions in each case. How does the range of the woodland 
caribou compare with that of the moose (Fig. 22G) ? 
Compare the areas of antelope and the deer. Compare the 
distribution of the barren-ground caribou and that of the 
musk-ox. 

29G. Tendency to Spread.— Map, Fig. 236. How 
many States received the sparrow by the hand of man 
between 1852 and 1870? Into how many additional 
States had it spread down to the year 188G ? Into what 
States did man carry the bini from 1870 to 188G? What 
new areas had been covered bv 1898? What areas of dis- 
tribution He west of Kansas? Does the bird seem to be 
dependent on any special set of geographic conditions? 
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UNITED STATES CONTO CREO MAPS 
The following liat embraccs ali that are named in the 
Marmai. Sheets strictly essential to the respeetive ex- 
ercises are giveu first. Sheets ueeful but leas importare 
follow, in parenthesea. Special aheuts uro bracketed. 

Arizona. — Knilinb, Edio Cliffs. 

California.— [Mt. Bhasta.] 

Colorado. — Lead ville. 

Illinois.— Savanna. Clinton, Dmilap, {La Balle). 

Kansas. Kinsley, i Mi-ade, Dodgtt, Cnldwater). 

Louisiana.— Donalilsmivilli\ East Delta, (West Delta, Thiboileaux, 
Ho urna ). 

Maine. — Boothbay, Batli. 

Mass icìiu.etts. — Plymouth, Bolcliertown, Northampton, 
field. Boston, Boston Bay. 

Maryland.— Wiromico. 

Minnesota. — Fargo, Minneapolis, St. Pani. 

Missouri. — Kansas City, Marshall, St. Louis East. 

Nebraska. — (Wood River, Lexington, Kearney.) 

N'i-vadu. Disaster, Granite Rango. 

New York. — Elmira, Orisknny, Wilson, Tnnawanda, 
Mt. Marcy, datatili, Kaiiterskill, Turrvtm 
kins, Civili', Genevn, Bnldwinsville, Aul.ntii, Para- 
dox Lake, Oneida), |Niagara Falls, New York and 
Vieiiiity]. 

Ohio.— (Cincinnali; East Sheet, West Sheet.) 

Pennsylvania.— Ilnrrisltiirg, Pine Grove. 

Illnidi [stand. Charleston, Btoningtcn. 

Tenoeaaee. — CbatUnoogi, (flemme, Cleveland, Ringgold, 
Me Min ii vi Ile). 
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Utah.— Tooele Valley. 

Virginia.— Monte rey, (Piney Point). 

West Virginia.— Charleston, (Huntington, Wheeling, Kanawha 

Falls, Nicholas, Oceana, Raleigh, Hinton). 
Wisconsin. — Eagle, Sun Prairie (Waterloo, Watertown, Evans- 

ville, Stoughton, Koshkonong, Whitewater). 

Summarizing, we find of the more necessary sheets, 45 ; 
of the supplementary, 37 ; of the special, 3. The follow- 
ing is suggested for an average equipment : 

45 sheets, sets of 12 cadi, 516 sheets, at 2 cents $10.80 

37 sheets, sets of 3 each, 111 sheets, at 2 cents 2.22 

New York and Vicinity, special (included in wholesale 

orders, 10 cents each, 25 cents regular), 12 copies 1.20 

Niagara Falls and Vicinity, special (regular rate, 10 cents, 

wholesale, 4 cents), 12 copies .48 

Shasta, special (regular, 5 cents, wholesale, 2 cents), 12 

copies 24 

Total $14.94 

The numher of the maps can be made greater or less, 
to accord with locai needs. For durability, maps in regu- 
lar use should be backed with common muslin. Stretch 
the muslin on a surface of soft wood and fasten with 
tacks, dampen cloth and map, apply boiled flour paste, 
and smooth with dry cloth, or better, with photographer's 
roller. Do not remove until thoroughly dry, then trim 
cloth to margin of the sheet. 
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TWENTIETH CENTURY TEXT-BOOKS. 



A Text-Book of Geology. 

By Professor Albert Perry Rrigham, of Colgate Uni 
versity- 477 Pageà. 29.3 EitustrattOaS. 121110. Cloth,$t.,}o 

This supcrb text-book is the best account for secondar/ 
achools of the eanh's marvelous origin, of the processe; that 
brought the ordered world out of chaos, and of the phenomena 
of geologie evolution — ^-onsidereil dynamitally, siructurally, and 
bistorically. The planet's life hisiory js told with direetness, 
breviiy, and pedagogie fitness. The text is supplemented with 
295 exquisìte phmographic illusìrations, many taken by Professor 
Brigham for this work. Aa exceptional success in text-book 
writkg and text-book muking. 

" Brigbam's Geologv is tlie cle.inest cut and best peiì agogical text- 
book for Ihe high school (hit I have seen."— C. H. Richardson, 
//.mover. .V. H. 

" Mo;-( ini cretini;. Dui'i.killy il" 1 must practical hook Ihnt I 
have seen for use in high schools." — Miti S. A, Aduatds. /'hiladelfhùi 
High School for Girl:. 

I consider il the best wrilten and best illustriteli book I have ever 
seen for seeondjry achools."— C. F. Warner, Meihanits Aris High 
School, Springfield, Mass. 

" The most atlractive tcxl-book of Geology for secondary schools 
that I have seen. The illusi rat ioni are a deligli!.' 1 — Otite Sktnuan, 
Mata High School, ilhata, N. Y. 

" It is magnili «il!. I consider it siiperior lo rtny other book of ilie 
kind in illustrati'»!*, lexi, and adaptalion t<> field work."— Mrs. /- L. 
II'. Wilson. Philaielphia A ormai Se html. 

" In evcry w,i> fulty cqunl to any of the splenilìil icr'es of Twen- 
tieth Ccnhirv Te\t Uooks Many of the ilhi-irnlicui; are new and 
their execuiion is perre^."'— jC. /. Se/uedi, Professor of Geology 
Franklin and Ma-shj.'l C>lte -e. l.vuasUr, Pa. 
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TWENTIETH CENTURY TEXT-BOOKS. 



An Introduction to Physical Geography. 

By Grò ve Karl Gilbert, LL. D., United States Geologica! Sur- 

vey ; Author of "The Geology of the Henry Mountains," •• Lake 

Bonneville," Numerous Reports, etc, in publications ' of United 

States Geological Survey ; and Albert Perry Brigham, A. M., 

Professor of Geology, Colgate University, Hamilton, N. Y., Fellow 

of the Geological Society of America, etc, Associate Editor Bulletin 

American Geographical Society, Author of " A Text-Book of 

Geology" (Twentieth Century Text-Books). Illuslrated. i2mo. 

Cloth, $1.25. 

SIX SALIENT POINTS. 

The new pedagogy of Physical Geography receives in this book its first 
adequate presentation. 

Hence, this text meets the present rcquirements of high school and 
college-entrance work perfectly and in full detail. 

Treatment adapted to the early years of the course— the book wiil interest 
pupils aged fourtcen. 

Statements throughout are not merely theoretical, but defìnitely concrete, 
appropnately illustrated, and logica ly summarized. 

Topics cover ''The Physical Environment of Man:" The Earth as a 
Globe, the Ocean, the Air, and the Land— in increa ing proporti^n. 

The exqui i.e half-tone illurtrations far surpass in beauty, helpfulness, 
and number anythin^ before attempted. A moit important and signi ficant 
feature. 

THE IDEAL COURSE AND GILBERT AND 

BRIGHAM'S BOOK. 

This book meets fully, in minute detail, and for the first time, ali 
the specifications set forth in the Report of the Committee on College 
Entrance Requirements to the National Educational Association in 
1899. It keeps accurately to the definition laid down ; it furnishes the 
requisite kind and amount of instruction to traio the observation and 
to prepare for later special courses in science ; and it elevates physical 
geography beyond -cavil to the proper piane for a college-entrance 
requirement, by organizing its content to its highest capacity as a 
pedagogie discipline. 



D. APPLETON AND COMPANY, NEW YORK. 
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The Scientific Aspects of Christian Evidences. 

Illustrata, iz.no, Clotli, $1.50. 

ae contams the ripesi fruìt nf the- author 
gnate lines of evidence «hitli tonverg? 
1 shed li(jh< upoii lini I.. un tìnti rais of L.hn 

The Ice Age in North America, and Its Bearings 
upon the Antiquity of Man. 
With an Appendi*, on "The Probable Cause of Glari- 
ation," by Warren Upham, F.G.S.A., Assistant on the 
Geological Surveys of New Hampshire, Minnesota, and the 
United States. With 147 Maps and Illustratbns. 1 voi. 
8vo. 640 pages. Clolh, $5.00. 

The numerous maps accompauyinj; the text nave heeti eompiled fratti Ihe 
fatesi data. The illustrati,.™ ar. ■'iii-r- .,m|.;<. Ihan have ever before been ap- 
plied tothesubj^t 
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ten years, titany of them b; the ai 

Man and the Glacial Perind. 

International Scientific Series. Witli numerous IHustra- 
tions. izmo. Cloth, $1.75. 
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Greenland Icefields, and Life in the North Atlantic. 
With a New Discussimi of the Causes of the Ice Age. 
By G. Frederick Wright and Warren Upham, A,M, 
F.G.S.A., late of the Geological Surveys of New Hamp- 
shire, Minnesota, and the United States. With numerous 
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